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PREFACE 



This voluino is the fourth of six appendix volumes to Technology and the American Economy, 
the report of the National Commission on Technology, Automation, and Economic Progress, The 
full series of appendix volumes is as follows: 

I. The Outlook for Technological Change and Employment 

II. The Employment Impact of Technological Change 

III. .Vdjusting to Change 

IV. Educational Implications of Technological Change 

V. Applying Technology to Unmet Needs 

VI. Statements Relating to the Impact of Technological Change 

This volume consists of three studies dealing with the educational implications of technological 
change, prepared by independent experts at the request of the Commission. 

Bushnell, DeMille, and Purl in one paper and Finn and Ofiesh in another explore the many 
promising experimental developments underway to use computers and other new technologies in the 
education process. Then the College of Education at the University of Iowa, with assistance of 
education experts from other universities, undertakes an extensive analysis of the numerous implica* 
tions of technological change for educati<m policy. 

.Additional studies prepared for the Commission are contai;ied in .Appendix Volumes I, II, III, 
and V. Appendix Volume VI contains a group of statements by various interested organizations and 
individuals in response to a request from the Commission for their views on the impact of technological 
change. 

Though the Commission docs not necessarily endorse the information and views of these docu> 
ments, it considers them of sufficient value to have directed their publication. 

This volume was edited and prepared for publication by Judith Huxley. 



Gabth L. Manoum, 

Executive Secretary. 
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RECOMMENDATIONS 



Tlio recommendations set forth below are summarized from the body of the report With the 
application of computer technology to the improvement of human learning problems, a means of 
applying the power of the computer to the solution of the problems of automation has been brought to 
contemporary society. 

1. Because school dropouts have been failed by traditional educational practices, new learning 
applying the power of the computer to the solution of the problems of automation has been brought to 
environments must be developed providing frequent opportunities for success, active and individual- 
ized curriculum programs with immediate relevance to the life ol the student, and increased peer 
group interaction. Gaming techniques offer many of the combinations essential to reaching the dis- 
advantaged student. A major effort for the research, development, and application of game materials 
is recommended. 

2. Few, if any, texts or instructional materials which are commercially available can boast hard 
data based on objective evaluation. Methodology is sorely needed for the determination of the 
eflicacy of material for various populations of students or for establishing empirical data on the 
relative effectiveness and elBciency of comparable texts. School district support should be given to 
proj^ts seeking to originate, test, and repetitively modify pilot instructional packages (including 
multimedia resources) that permit many approaches to the explication of subject matter and that 
apply various strategies to the learning task; e.g., inductive versus deductive, and verbal versus 
pictoriaL 

3. Recognizing the power of the computer for massive data collection, controlled observation, and 
analysis, feasibility studies are needed for exploring various means of utilizing computer-monitored 
instructional systems — i.e., those systems designed to learn about students as they are being taught 
By collecting data on what has been learned, researchers have a means for controlling and assessing 
student-teacher interactions and thereby for establishing a science of instruction. 

4. In a modern educational system, one integrated information center could serve the needs of 
the student, teacher, counselor, and administrator. Massive support should be extended to projects 
proposing to link school districts and universities to the major catalogs of the Nation and to the 
information centers of the community and region. 

6. Support must be given to projects seeking to apply automated data processing programs to 
the development of flexible scheduling routines, counseling programs, and advanced planning 
simulators. 

6. Funds should be allocated to pilot projects seeking to apply time-shared input and output 
stations for meeting both administrative and student information needs. By utilizing this network 
of remote inquiry stations, all parties can have essentially simultaneous access to the retrieval and 
computational powers of the computer center for problem solving, storing, and retrieving information. 

7. Studies should be supported which propose to recommend basic mi, Imal data items for infor- 
mation processing at various levels of education (local, regional. State, and Federal) for the purpose 
of standardizing terminology and formats, thereby insuring intersystem compatibility. 

8. If on-line, time-shared computer applications are ever to become a normal part of the operat- 
ing school, the cost per student must be greatly reduced. low-cost applications and hardware need 
development. To achieve this, industry must see education as a major market of the future. 

9. Many researchers still cling to the formal hsqpothesls testing approach to educational research, 
even though it has been repeatedly demonstrated that it is a limited one for gaining meaningful ' 
insights into the dynamics of education. Effective teaching materials, for example, are not pro- 
duced by hypothesis testing experiments. Behavioral engineering based upon repetitive cycles of 
testing and modification seems to hold greater promise for producing appropriately tailored instrue- 
tional materials. It is recommended, then, that other attacks on educational problems be developed 
in contrast to the formal hypothesis testing methodolgy used so traditionally by educational 
researchers. 

10. Computer aids to the author of instructional materials can be found in much of the work 
related to computer-assisted instruction. Large numbers of such research programs should be sup- 
ported in a massive effort to fill the educational materials gap. This gap is particularly critical in 
the area of instructional items appropriate for individualized study. 
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11. More frequent dialogues between computer technologists and educational practitioners should 
bo encouraged. Conferences and an information exchange on automated technology should be 
supported by Federal and private funding agencies. 

12. Better theories of counseling and instruction, curriculum development and revision, and 
school organization may result through the programs of research on human cognitive processes. 
Continued support should be maintained for efforts that seek to emulate man’s own capabilities 
through tho design of problem solving, learning, and pattern recognition machines. It is not Incon- 
ceivable that some day a physiological theory of learning will be proposed that may lead to the 
breaking of the input code and the direct input of factual information into human memory. 




The Application of Computer Technology to the 
Improvement of Instruction and Learning 

Computer-Based Educational Systems 

I 



Six Major Innovations From Instructional 
Research 

^ A decade ago, a survey of computer applica- 
tions to curriculum research a?)d applied instruc- 
tional programs would have produced very little 
of importance. Today, the online use of the com- 
puter in mathematics and science subjects is bur- 
geoning at all levels of education: Elementary, 
secondary, and college-university. Perhaps more 
significantly, and in evidence only within the past 
5 yeare, digital and analog computers have be- 
come important tools for educational research 
and development. Tlie computer has facilitated 
new developments in the following six areas: 

^ 1. Simulating learning environments for instruc- 
tional purposes and for the improvement of educa- 
tional administration ; 

2. Automating infoi’mation and data retrieval 
sources; 

3. Assisting in the preparation and evaluation of 
instructional materials; 

4. Integrating instructional media (film, tape, TV 
display, and text) for both group and individusd 
instruction ; 

5. Facilitating the design and study of automated 
instructional devices ; and 

6. Decentralizing the educational system by bring- 
ing remote educational resources into the home, study 
carrel, and community library. 

What has become the instrument of research 
today will become a practical instrument for ap- 
plied programs tomorrow. Tliis will come to pass 
only if hardware costs and the development of 
commercially viable time-shared jgrstems become 
a reality. Time sharing is a fairly recent devel- 
opment in computer programing which enables 
many individuals to have simultaneous access to 



a single computer. Less than 6 years ago, if multi- 
ple student stations were to be linked into a com- 
puter system, it would have cost researchers more 
than the purchase price of the computer to engi- 
neer a multiplexer to tie in these stations. While 
today these costs run under $10 per student hour 
for 12 students interacting simultaneously, in 3 to 
5 years hundreds of students will study for less 
than $1 per student hour at teaching stations. 
The same computer center handling many stu- 
dents can, of course, be servicing the information 
requests of faculty, administration, or board mem- 
bers, and can be working on class scheduling, 
payroll, and logistical control problems. 

Tlie above cost figures assume that only the 
usual outlay of funds is necessary to acquire the 
instructional material to store in the computer. 
However, it is unfortunately true that few mate- 
rials for any appreciable segment of courses of 
instruction are available from commercial sources. 
What programed instructional materials exist a,re 
not adequate for a totally individualized, seif- 
directed course of study. This materials gap 
needs desperately to be filled. In planning the in- 
stallation of a computer system, the leadtime and 
cost of preparing and adapting instructional ma- 
terial for computer-assisted instruction must be 
given careful consideration. Once the initial in- 
vestment has been made, however, remote inquiry 
stations can be used as economical teaching assist- 
ants. Furthermore, the pinball effects and the 
opportunities for exploring subject matter which 
would be impossible to explore without a digital 
computer^ system make these applications essential 
to educational ^sterns planned for the future. 

Because general purpose languages now permit 
intercomputer compatibility, many schools which 
have computer facilities could benefit almost im- 
mediately from the research and development pro- 
grams working with computer ^sterns entirely 
different from those now applied to local school 
district j>roblems. 
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Simulation: A New Tool for Education 



Introduction 

Simulation is sometimes defined as a replication 
or abstraction of reality. Training a young ex- 
ecutive tlirougli business gaming techniques and 
niathematicaliy modeling the queueing charac- 
teristics of customers in an airline ticket oflice are 
both examples of simulation. The complexity of 
the simulation can be identified along a continuum 
from a high-fidelity replication of reality (the 
Link Flight Trainer) to a complete abstraction of 
it (mathematical equations representing business 
operations). The purposes in simulating may be 
(1) to effect the analysis of an ongoing situation 
and aid in decisionmaking; (2) to facilitate the 
development evaluation of a new design or sys- 
tem. or organization; and (3) to train students in 
new and old skills. These three functions of re- 
search, development, and training can be carried 
on independently or concurrently. 

Teaching and Training 

Computers imitate by symbolically representing 
real events. For example, radar operators have 
been trained in simulated radar centers with no 
antennas, a computer supplying the input to the 
instruments. Sixth grade history students have 
been taught by a computer which presented the 
student with information related to the economic 
outcome of decisions made when each student was 
playing the role of king of an ancient city-state. 
The student was told how much grain had been 
planted, how many mouths there were to feed, and 
what the result would be of keeping some propor- 
tion of the grain for seed. The student makes his 
decisions regarding his food production — often 
with disastrous results. And finally, school ndmin- 
istrators have been trained by computers that pre- 
sented them with imaginary (though realistic) 
school problems and asked them to solve daily 
problems of scheduling, budget, allocation of space, 
modification of curriculum, or public relations. 

Computer simulation of any system (that is, any 
ongoing complex of events! has important advan- 
tages over observation of the natural events them- 
selves. Time may be speeded up or slowed down. 
In comparison with traditional instruction, 
through lectures and textbooks, simulation offers a 
sense of immediacy to the learning task and may 
be considerably more realistic — ^thereby challeng- 
ing the student to participate more actively. The 
student may learn to deal with systems far more 
complex than any he could learn to describe ac- 
curately in the same length of time. 
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It would seem that anything that can be learned 
can be simulated (to some degree, with greater or 
lesser success). As w*e learn more about how to 
use computers, possibilities for realistic and varied 
simulations increase. 

As a way of teaching, simulation bears an inti- 
mate relation to programed instruction. Much 
has been written about the advantages of pro- 
gramed instruction. These advantages include in- 
tensification of students’ attention to the learning 
task, greater responsivene.ss to individual needs oi 
students, and freeing the teacher from routines 
that do not fully use her capacities. Programed 
instruction is compatible with such new pedagogi- 
cal ideas as the continuous progress and the un- 
graded school. Whatever may be said in favor of 
programed instructional materials may be magni- 
fied by the addition of computer simulation. This 
methodology is a way of turning programed in- 
struction into an artificial environment much 
richer in information and much more stimulating 
to the student’s dt^ire to participate and learn 
than any learning situation previously possible. 

There yould seem, to be no inherent obstacles to 
the application of computer-simulation instruc- 
tion to any age group from preschool to senior 
citizen, or to any socioeconomic group from the 
Harvard business graduate student to the Job 
Corps trainee. 

Games for the Instruction of t he Disadvantaged 
Student (or Why Athletics Are an Unquali- 
fied Success in Secondary Schools) 

New possibilities for rescuing intellectually and 
socially underdeveloped persons are evident in 
artificial instructional environments. The greatest 
problem is motivation; these nonstudents do not 
see the immediate relevance of public school edu- 
cation to the lives they expect to lead. They do not 
know how to relate to teachers, whom they see as 
judges who will inevitably “p^^ them down.” 
They seek approval not from adults but from their 
peers, which means, in many cases, from a particu- 
lar subculture with values largely incompatible 
with success in the larger social and economic 
world. 

Nevertheless, these young people have motives. 
They like the approval of tneir peers ; they like to 
compete in situations where they can win; they 
like to succeed. They like to talk about and par- 
ticipate in things that seem relevant to their own 
lives. They like to be in a situation where disci- 
pline does not seem to come from outside or from 
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older authorit ios, or from members of social groups 
o f whom they arc suspicious. They 1 ike to do what 
they like to do and not what somebody else wants 
them to do. In truth, most students, urban or 
suburban, have similar motives. The problem 
would seem to be to set up a learning situation in 
which these motives can be gratified for disad- 
vantaged students to the same degree that they are 
gratified for a national merit scholar. We should 
not bo surprised that the situations would have to 
be quite dilfe rent for the two. 

A particular kind of simulation, usually re- 
ferred to as a “game,” promises to go a long way 
in solving this problem. 

In a computer game, the student is presented 
with information about some situation and asked 
to make decisions. His decisions are fed back into 
the system and result in a new set of facts, the 
consequences of his good or bad decisions, about 
which he must then make new decisions. Certain 
random natural events can be made to operate in 
the environment, causing the game player to con- 
sider a variety of facto;rs in his decisionmaking. 

In connection with disadvantaged students, 
games offer the following benefits: 

1. The3’ can be made wholly relevant to the lives 
of the students as the students see their own lives. 

2. They can include competition among teams or be- 
tween individual player and computer to any desired 
degree, a condition that tends to increase interest 
to the point of enthusiasm. 

3. They are student centered and do not involve 
direction by an authority figure who might be re- 
sented. Direction, comes from the computer whlc^ 
is an impersonal raachine. 

4. The teacher acts as an ally of the student, help- 
ing him to play the game so as to have the best 
chance of Avinuing, just as a football coach is pri- 
marily a helper and only secondarily an instruc- 
tor. Thus, old negative patterns of pupil-teacher 
interaction may he avoided. 

5. Approval is largely or wholly from teammates 
who are peers. 

C. Cooperation is necessary in team play and is a 
natural consequence of the desire to win. Discipline 
does not need to be enforced from outside in such 
a situation. Discipline is learned by having to play 
by the rules. 

7. Appropriate, real rewards, such as money, may 
be given for success in playing. Some authorities 
have advocated paying students for learning. In a 
computer game, determination of how much to pay 
each student would seem quite fair and objective to 
the student. 

* 

8. The games may take up almost any problem area 
from those with strictly intellectual of mechanical 
content to those involving lnteri)ersonal relations. 
One called the family game, developed at Johns Hop- 
kins University, has a great deal in common with 



family counseling and could have a therapeutic effect 
on students whose family relationships are disturbed 
to some degree, as indeed many may be expected to 
be. 

0. A great deal of factual knowledge can be learned 
while playing the game, as well as from the require- 
ment to utarsiial one’s facts before entering the fray. 

In tho career game^ also developed in the depart 
ment of social relations at Johns Hopkins Uni- 
vereit^j teams of girls are given information about 
a fictitious but realistic girl of 17. Tlie players 
must decide what her life goals shall be, indicating 
the relative importance to her of marriage, chil- 
dren, an occupation, personal development, and 
the family standard of living. They then must 
decide about specific opportunities to fulfill these 
goals : When and whom to marry, how soon to have 
a child, how many children, whether to get a job, 
what kind of job to try for, whether to get addi- 
tional education, and so on. In making these de- 
cisions, the players get help from various re- 
sources, ra,nging from a table showing how much 
time certain activities take to extensive informa- 
tion. about training requirements, competition, and 
recompense for various occupations. 

After each set of decisions, the players get back 
results indicating how well the woman is doing at 
achieving her goals and introducing 'certain events 
(whoso occurence is based on statistical tables), / 
such as the birth of a child or success or failure at 
getting a certain job. A game m£iy include 10 
decision periods which take the woman to age 50. 

Simulation in Training School Administrators 

At a very much higher level of ability and edu- 
cational achievement, computer gaming may ^ 
used to train schwl administrators, .as indeed it 
may be used to train any high-level decisionmaker. 
A famous example of such high-level training is 
the Cameme Institute management game. Simu- 
lation studies for training and evaluating educa- 
tional administrators have been carried out under 
the sponsorship of the University Council for Edu- 
cational Administration. Several u-uiversities 
have used films, filmstrips, tapes, an^rinted ma- 
terials developed by Drs. Hemphillj Griffiths, and 
Frederickson for simulating situational tests for 
r^earchin^ certain patterns of school administra- 
tive behavior. These training tools are not yet 
computerized. However, by using inbasket tech- 
niques, increasing amounts of stress are applied to 
administrators operating in the simulated environ- 
ment. Those who experienced the simulated situ- 
ations felt the simulated materials held promise 
for evaluating and selecting new school adminis- 
trators. 

Richard Wynn, of the University of Pittsburgh, 
describes a remarkable change that took place in 
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tlio preparatioii of scliool administrators over tlio 
last 4-vcar period. Into a field of training con- 
sidered by some authorities to be stagnating, the 
year 1959 saw tlie introduction of tlio first simu- 
lated school system. Four years later, 212 out of 
289 graduate institutions queried about their su- 
periiitcndont training programs spontaneously 
mentioned simulation as a relevant method, and at 
least 65 uni verities have used simulated materials 
(in precomputor applications) for training school 
administrators. 

^ School simulation, which may range from the 
simulation of individual students to the simulation 
of whole school districts or, indeed, the total educa- 
tional facilities of the United States, offers special 
advantages to experienced professional people in 
updating their theoretical and practical oack- 
grounds. (There is some reluctance on the part 
of bugr administrators whose jobs provide well- 
deserved prestige to assume the role of the student 
and submi" to “retreadii^.”) Management or ad- 
ministration games, particularly when mediated by 
computers, represent a productive application of 
advanced teclmology well worth the administra- 
tor’s time. 

Some new and interesting techniques have been 
developed recently for the training and selection 
of new teachers and administrators. Dr. Bert 
Kersh at the Center for Teaching Research of the 
Oregon State System of Higher Education has 
reported on a classroom simulation for training 
student teachers. The student teacher is seated at 
a desk facing a large rear-projection screen upon 
which a life-size image is projected. Short nlm 
clips present a variety of classroom situations to 
which the student may react. On the basis of the 
“acting out” of the student teacher to the filmed 
stimulus situation, the supervisor of training will 
select from three projectors a sequence of film 
which may (1) show the classroom (hsintegrating 
as the result of lack of forceful direction on the 
part of the student teacher; (2) have the students 
going to their seats but erupting in now problems 
if the teacher is not vimlant; or (3) result in an 
effectively managed massroom if the teacher 
trainee performs adequately. The limitation of 
this method is determined, of course, by the variety 
of feedback films that are available for matching 
the responses of the student teacher. However, a 
computer-sequenced bank of film cartridges 
would improve the realism and appropriateness of 
feedback. 

For training or teaching purposes, simulation 
has the advantage of demonstrating to the deci- 
sionmaker or the trainees the advantages and 
shortcomings of different procedures for meeting 
objectives. In the simulated environment, the 
learner can have immediate knowledge of the 
effect of his actions taken in response to problem 
situations. This knowledge of results is made pos- 



sible through rapid data processing by a computer 
or the judgments of skilled observers. Training 
in the simulated system environment also prevents 
a piecemeal approach to the understanding of sys- 
tems operations, since the training takes place in 
a total system sufficiently complex to evoke the 
kinds of problems characteristically encountered 
in real system operations. Learning can be made 
more effortless at early stages by diminating ir- 
relevant cues in the environment. Immediate 
feedback for the trainee, when he responds to criti- 
cal cues, helps him to associate cues, responses, and 
results. 

Simulation as an Aid in the Operation of 
School Systems 

It is but a short step from the training of admin- 
istrators to the use of simulation for the actual 
operation of school systems. 

Tliere is no inherent limit on the amount of 
factual, valid information about the real world 
which may be fed into a simulation other than the 
absence of such factual data. The simulation 
which begins as a training exercise may grow into 
an analysis of an actual school .system and, 
through repetitive cycling and correction, may 
wme to serve as an accurate predictor of events 
in the real system. 

This highly valid simulation may be used in two 
ways: To aid in operating the system as it is, or 
to try out modifications of the system in simulated 
form before having to make real policy and fiscal 
changes. Operation, modification, and scientific 
study of schcml systems (or government or man- 
agement or military systems, for that matter) may 
bo seen potentially to coexist, the lines between 
them becoming harder to draw. 

Besides doing clerical chores in a rapid and er- 
rorless manner, computers may provide pictures 
of new roles for school personnel, modified inter- 
actions between teacher and pupil or pupil and 
pupil, new ways to use school data, better ways to 
use existing or new space, or characteristics of 
graduating students (age, homogeneity, degree of 
achievement, quality of achievement) following 
modifications of the system. A computer can tefl 
an administrator whether he should buy his own 
buses or contract for transportation, so as to be in 
the best position 5 years later. 

In the area of administrative decisionmaking, 
the application of heuristic or Bayesian procedurS 
in support of the decisionmaking functions of the 
supermtendent or school principal should find 
ready acceptance among educational administra- 
tors. Models could be used in the determination 
of sho^ and long-term objectives. Choices could 
be made in the seTwtion of various alternative cri- 
teria for approaching the issuance of bonds or the 
planning of a building program. By storing the 
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subjective biases of school board members or other 
decisionmakers in the community in a data bank, 
the superintendent could call upon those biases to 
sot a strategy for floating a bond issue or making 
^oiovant decisions. Alternative choices 
could bo based upon a data bank of standardized 
information, or if hard data are not available, 
upon simulation procedures. 
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Predicting manpower availability by utilizing a 
skills bank of liuman capital would enable the ad- 
ministrator to plan for expanding programs. If 
q[ualificd personnel were not available, or not 
likely to bo available when new courses are intro>- 
duced, the administrator could develop or support 
training programs to retread older teachers or 
prepare new teachers to fill these roles. 



The Information Utility or Central Data Bank 



An Integrcited Data Bank Serving the Needs of 
the Educator and the Learner 

Several research centers are exploring the feasi- 
bility of cstablisliing a central data bank or “in- 
formation utility,” as it has been called by some, 
for servicing all the various needs of subsystems 
within the educational institution. In an educa- 
tional system, one integrated data center might 
serve the needs of the administrator, teacher, 
counselor, curriculum developer, and student. 
For instance, in an automated classroom such ?is 
at the Center for Instructional Comynunications^ 
Syracuse University, students carrying on inde- 
pendent study with programed materials leave a 
detailed recoid of their learning experience by 
making multi pie- choice answers to frequent diag- 
nostic questions on materials displayed m teaching 
machines. These records are stored in a central 
computer fficility on. magnetic tape. The infor- 
mation thus stored is of interest to the counselor, 
for it reveals each student’s up-to-the-minute 
learning problems. The curriculum developer has 
summary data covering the learning experiences 
of students for specific curriculum evaluation and 
modifical ion. Teachers have an up-to-the-minute 
account of each student’s level of understanding of 
the subject matter and the extent of his progress. 
Tlie school librarian can update the student’s in- 
formation-need profile and guide the teacher in 
selecting special materials intended to resolve 
some of the student’s learning needs. Kate of 
progress of the individual learner is of interest 
to the administrator who may need to monitor 
and schedule individual study programs in the 
individualized, nongraded school system environ- 
ment that the laboratory represents. 

Applied Research Programs Utilizing the Data 
Bank 

^Project “Talent,” as administered by the offices 
of the American Institute of Research and sup- 
ported under grants from the U.S. Office of Edu- 
cation, is the first major effort to establish a data 
bank in the field of education. While this file 
of data was originally conceived for research uses, 
it provides an inventory of student abilities and 
achievements that could help, for example, in the 
empirical validation of instructional programs. 
As now projected in the long-range plans for the 
program, the data bank will oe used to aid educa- 
tors and researchers set standards for educational 
and psychological measurement, helping to deter- 
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mine the initial state and/or aptitude of the stu- 
dent as the learner enters the instructional pro- 
gram, and to establish measures for better predic- 
tion of success through learning. For these pur- 
poses, a continuing i/ecord of more tlian 440,000 
students will be maintained on magnetic tape for 
a 20-year period. 

The Bureau of Data Processing within the Chi- 
cago Public Schools maintains a “Total Informa- 
tion Service” which feeds data into six areas: (1) 
Budget and finance; (2) personnel and payroll; 
(3) materials; (4) student accounting and sched- 
uling; (5) research; and (6) computer education. 
It is this last development that will suppo.rt the 
teacher in the classroom through online data, d’s- 
plays. Tapping the central information file, in- 
structors have at their fingertips most of the rele- 
vant informati'Dn on their students held irt the 
cuniulative record file. Because data are so con- 
veniently available, it is ei^ected that teachei’s in 
the Cl.iicago City schools will make productive use 
of them to acquire a more up-to-date understand- 
ing of their students’ day-to-day learning needs 
and cyclical patterns in learning performance. 

Some Extrapolations From Information Re- 
trieval Research 

The potential range of applications of a central 
information utility extends well beyond those 
already mentioned. Through the use of remote 
consoles, it includes decentralized instructional os- 
teins for the home (see the description of the Co- 
lumbia City Project). Joint utilization of iden- 
tical data files is possible for research, administra- 
tive planning, and student self-instruction, as well 
as for faculty purposes. Even library and lan- 
guage-lab services can become part of the informa- 
tion utility. Decentralized networks of listening 
posts for musical and stenographic training are 
then made feasible. It is not mere speculation to 
anticipate the day when information acquired 
during the operction of the central information 
processing service feeds directly into decision 
mechanisms that regulate the scheduling and in- 
structional programs of the educational institution. 

Ertrapolating from the present trends in infor- 
mation retrieval (I.R.) , it is possible to envision 
some of the characteristics of advanced educational 
g^stems in the 1970’s. Describing futuristic school 
i^stems in this manner will serve to point up on- 
going research and developments in the I.R. field. 

The specialized information center for local 
school ^sterns will be linked by data transmission 
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lines to regional information centers. These cen- 
ters translate aiul select items of information for 
automatic indexing, abstracting, and coding into 
magnetic tape files for subsequent feeding to re- 
mote school .systems. These central archives ■will 
gather information from high-utility sources, such 
as repor.s of experimental and test i^esults, tech- 
nical ])iiblications, patents, doctoral dissertations, 
and Government reports. A rchives ■will employ 
subject matter specialists for locating and weigh- 
ing tlio impvortanco of incoming documental ma- 
terials in specific subject areas. These .specialists 
monitor the input to the computer-based I.R. sys- 
tems which are optically scanning the contents of 
tho documents selected and converting them to 
tape. Once converted, the material is translated, 
abstracted, indexed, and coded for eflicient re- 
trieval. Files arc constantly updated and purged, 
■with the most signilicant information in a particu- 
lar field kept immediately accessible. It should not 
bo forgotten that purging these files is as impoii;ant 
as the input to them. 

Such information centers wdll prove efficient and 
economical by preventing costly duplication in 
processing of information and purchase of hard- 
■ware at each and every school system. They will 
put the major catalogs of the -world at the com- 
mand of the local school library. In addition, they 
will supply information of interest to the school 
superintendent and local administration, such as 
data on economic and population trends, and pre- 
dictions on the outcome of projected bond issues 
(peihaps based on past voting behavior of prop- 
erty ownere in local school districts) . 

The evidence for these projections lies in the 
current trend toward such information centers 
as the Scientific and. Technical Information Fa- 
cility dealing exclusively in the space and aero- 
nautical sciences. Regional technical report cen- 
ters in 12 universities across the country have been 
designated to process, annotate, and convert to ma- 
chine-readable form all of the research reports' 
sponsored through government contracts. Lan- 
guage translations are now capable of being per- 
formed by maclii ne. Tho I.R. systems establi^ed 
by the National Science Foundation and the 
Atomic Energy Commission have been disseminat- 
ing translations of Russian research papers for 
the past few years. Considerable matenal from 
these and other information retrieval centers, such 
as at Western Reserve University, is already on 
magnetic tape and could become available to re- 
gional information centers. 

Such organizations as Bell Telephone, Western 
Union, Raytheon-Standard Register, and Tele- 
type a':-; experimenting with equipment that will 
result 'll computers exchanging memories at great 
speeds and doing so at relatively little expense. 

Weighing procedures for improving the quality 
of the input to the information center and for 



purging redundant information from tho I.R. filCvS 
can be seen in the work of Garfield, working ■\yith 
citation indexing methods which build bibliog- 
raphies and retrieve papers cited in key articles 
on given subjects; of Hayes, conducting research 
on self-organizing files whicn arrange materials in 
terms of frequency of 'ise; and of Kellogg, work- 
ing on fact retrieval wliero duplicate data can. bo 
purged or old facts can be eliminated when new 
data are available, thus gxining a considerable in- 
crea.<50 in the machine’s storage capacities. 

The school or university of the 1970’s will have 
a dynamic system of information retrieval serving 
the entire school system. Instead of a passive 
cumulative record file and libraries waiting for 
customer reemests, the I.R. system of the future 
school will direct information to a person “who 
has not yet asked a question but does have a need 
for the answer.” As an example, the djmamic I.R. 
system would index the content of a new docu- 
ment and mathematically select customers whose 
interest or information-need profiles indicate that 
the content would be of some relevance to them. 
Automatic dissemination would then result. 
Feedback from the customer, i.e., the student or 
educator, would continually update the store of 
profiles of potential users. Student-learning per- 
formance would also cause changes in these pro- 
files, for as students progress through new subject 
material, both informsSion needs and interests 
would evolve. 

The use of the school’s information utility, as de- 
scribed above, by both the educated and the edu- 
cator, allows some predictions for information qrs- 
tems application of stored information: 

a. The student 

Computer-based independent study cubicles will 
line the halls of the advanced school system in the 
early 1970’s. These study areas will combine in- 
formation retrieval and automated teacliing equip- 
ment to give the individual student aid in compil- 
ing bibliographies and recovering facts for the 
preparation of essays, and assistance in reading 
text material by supplying outlines or arranging 
/content in graded levels of difficulty. For learn- 
ing purposes, the I.R. teaching machine would ar- 
range graded sequences of computer-constructed 
instructional items and occasionally would seed in 
a diagnoFti. -.est to test the student’s understand- 
ing. Tls ' teaching machine system would have 
the pote?. ial for handling individual student dif- 
ferences m learning rate, background, and apti- 
tude. Sequences of educational material would 
be retrieved and organized on the basis of the 
student’s response to the diagnostic questions as he 
is learning and on his specific learning abilities 
and aptitudes. 
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Rccoguiziri" that most students como to their 
studies in diil’eront states of ignorance, the I.R. 
teaching machine would help a student redefine his 
area of concern. The student might write a short 
essay detailing what ho thinks is descriptive of 
the information ho wante. The essay would then 
be handled in. the fashion of an automated ab- 
stract and the words selected from the essay would 
be compared with words similarly selected from 
the documents or facts stored. The teaching ii:.a- 
cliino would encourage the student to explore ne^tv 
but rebated areas of knowledge, to browse through 
updatf.id infoirmation, and to search for alternate 
solutions to problems. 

h. The teacher, researcher, and cmmselor 

The same equipment used by the student for 
self-instruction can be utilized by the teacher for 
research purposes or for updating himself in sub- 
ject matter. Rapid changes in academic subjects 
can cause considerable information lag in the re- 
source books used by teachers. The computer- 
based I.R. system will help the teacher in assem- 
bling programed instructional inaterial and serve 
as a source of current information and necessary 
data for upgrading an outdated curriculum. 

For classroom management purposes, tb.e teach- 
er will have displayed, in the classroom, certain 
diagnostic information in an interpreted form to 
help him individualize his instruction. To deal 
with early-in-the-semester classroom fp:oiiping 
problems, the teacher can retrieve student infor- 
mation with suggested groupings of students 
along many different dimensions. 



The counselor in this advanced school^ system 
will use I.R. storage and retrieval capabilities for 
doing a more efficient job of counseling. Using 
I.R.fil es for counseling purposes involves the stor- 
age of all student personnel records on magnetic 
tape. If these records incl ado aptitude t«st scores, 
family background inforn iation, or student’s pafjt 
grade record, as well as hiii cun’ent r^rd of prog- 
ress, the counselor will have at his disposal all the 
appropriate information, ho needs. As the storeri 
information is continually updated by the da,y,y 
progress of each student; through the course ma- 
terial, the counselor will have the capeibility of 
monitoring the progresfi of any one stude at and of 
applying preventive measures before a student has 
developed a serious educational problem. 

?desearchers at Stanford University and Car- 
negie Institute of Technology are exploring the 
advantages of simulating a counselor’s or teacherio 
diagnostic behavior for purposes of guiding the 
student through hia educational program. By 
automated interview programs, students review 
their progress and are helped to plan a schedule of 
high school course?.. 

A student tracking system that follows student 
progress and provides displays to students, teach- 
ers, and counselors when the student’s performance 
falls below expected levels will be integrated, into 
a total system. The system will be further en- 
larged to include numerous other functions, such 
as diagnostic interviewing and testing, computer- 
assisted instruction, and real-time, flexible schedul- 
ing and control programs that solve scheduling 
problems on a continuous basis. 
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Tailoring* Instructional Materials by Closing: 
the Feedback Loop Between Student), 
Teaclier, and I'extbook Writer 

A belia^'ioral engineering approach to improv- 
ing ixisiructional maienals has oeen the object of 
extensive ri3,5earcl'A conducted over the past 2 years 
at tlio System Development Corp., and more re- 
cently by the Brooks Foundation within the Phila- 
delphia school district. Partially supported by the 
D.S. Office of Education^ researchers have been 
using a technique of individual tutoring to modify 
and revise instructional materials, including stand- 
ard textbooks, programed instructional sequences, 
film and filmstrips, flannel board cutouts, and the 
like. Si^ificantly improved learning for urban- 
area stuaents has resulted when work is completed 
with these modified instructional packages. This 
improvement has been remarkably evident among 
students with substandard verbal backgrounds or 
among learners primarily of a visual orientation. 

The method of approach, that is, the behavioral 
engineering teclmique, is basically simple. It de- 
ends primarily upon a systematic analysis of stu- 
ent learning behaidor for the testing and revi- 
sion of the commercially available text or instruc- 
tional package. In each subject area, the material 
is given to one or two students at a time. If the 
student has difficulty with the learning task, he is 
interviewed immediately h) ascertain the cause of 
his difficulty. All of the interactions are verbally 
recorded, and when the student resolves his dif- 
ficulty, the experimenter/tutor notes the program 
variation that has been most effective. This proce- 
dure is repeated vsdth other sets of . .aive students 
until the modifications take care of most of the typ- 
ical learning problems that the students can 
generate. 

A Data Bank on Effective Instructional 
Strategies 

The computer is used in the collection and 
analysis of student responses to diagnostic test 
items during the process of tutorial instruction. 
Areas for revision are identified by this process 
of analysis. 

The program of research at the Brooks Founda- 
tion will eventually lead to the establishment of 
a data bank of information on the different learn- 
ing problems students encounter at different points 
in the instructional program. Typical problems 
will be identified and related to the effectiveness 
of different strategies developed to resolve them. 



The '•csult vyill be the eventual storing of multiple- 
media routines of individual instructional iiro- 
grams following the pattern of the most sucxjessful 
instructional strategies. This library of material 
will bo stored within the school districi‘s central 
data bank and will bo brought to the classr«.)om, 
the independent study carrel, or the faculty office 
at the time when it is needed — either by the teacher 
or student or by the curriculum developer. 

Natural language data processing will bo used 
in l-'liiladelphln as the means for building the data 
bank. Questions students have raised (and which 
have been tape scripted) are converted word foi; 
word into machine-readable magnetic tape. The 
computer program automatically indexes the quefs- 
tions, essentially by building a concordance of the 
content words, and cross-references them with the 
text being studied. That is, words used in ques- 
tions revealing student difficulties are maintained 
with a numerical listing of each chapter, page, par- 
agraph, and sentence read at the time tlie problem 
occurred. Successful strategies for modifying 
these passages that have been developed with other 
students of similar IQ, background, and difficul- 
ties in identical tutorial sessions are then identified 
from hierarchical listings. As now planned, the 
ultimate operational system would include simul- 
taneous inputs from many high schools in the city. 

The significance of the research just describe 
and the particular application of the projected 
computer-mediated materials bank has a gvXid deal 
of import for the textbook publishing industry. 
The research accomplished to date seems to point 
to the existence of half a dozen or so basic learning 
problems which are common to most students in- 
volved in a particular unit of study. Through en- 
gineering their instructional sequences or extract- 
mg from the data bank of prestored infomation, 
most textbook writers will be able to identify these 
problems and prepare instructional sequences that 
resolve them. A “textbookj” or individualized in- 
structional package resulting from this process 
could be defined, then, as an amalgamation of film 
clips, manipulated objects, branching or scrambled 
programed texts, workbooks, cathode ray tube dis- 
plays, and different textual materials. Packages 
could take a deductive, an inductive, a pictorial^ or 
a verbal approach to the explanation of subject 
material. It will be the task of the educational 
engineer (and the instructor) to identify the pat- 
terns and typical problems of learning, and it 
should -be the responsibility of the publishers of 
instructional packages to reflect these patterns and 
problems in their materials. Otherwise the use of 
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studies: educational implications of technological change 



the computer and its vast resources for data col- 
lection and analysis, as well as the power of com- 
puter systems to provide for materials and instruc- 
tional routines to tho schools, may be wasted. 

Another and more directly computer-aided ap- 
proach to tlio generation of' text can be found in 
tho work of researchers using the computer as a 
tool for instructional research. In general, the 
computer-based instructional systems aid authors 
in preparing, evaluatjng, and modifying texts with 
comparative ease. Ii’or computer-assisted instruc- 
tion, authors are writing and testing material in 
tho following areas: Remedial reading, German, 
French, accounting, economics, history, current 
events, psychology, educational psychology, phy.s- 
ic :;ineoring, audiology, statistics, calculus, 
i j , .nodern mathematics, medical diagnosis, 
nursing, computer programing, typing, and bird 
identification. (See Zinn’s listing of instructional 
programs.) Son j of the materials are in the for- 
mat of linear and scrambled textbooks, often little 
more than a computer-scored quiz. Others are in 
the “discovery” (inqui^) or simulated game 
pattern. Coverage within each field is not com- 
plete. (It would bo impossible to put together a 
curriculum from what is now written for com- 
puter instruction.) 

Tlie materials being generated by researchers at 
the Universities of Illinois, Michigan, Penn State, 
et ah, are entered into the computer through the 
use of simplified codes operated" for the most part 
%vith natural language inputs. (See the descrip- 
tion by Zinn in his paper, which follows, on Speci- 
fications of Computer-Aided Instruction.) With 
the risk of duplicating what Zinn covers so thor- 
oughly, let us stress the importance of this devel- 
opment by summ.yizing his remarks here. 

The computer is used in this materials produc- 
tion process basically in five ways: 

1. Aiding the author in inserting instructional ma- 
terials into the computer library file by permitting 
the use of natural language inputs, obviating the 
need for knowledge of machine language. 

2. Editing facilities which permit automatic hyphena- 
tion, pagination, and alteration of text material. 

3. Providing for automatic? diagnosis of the author’s 
errors or weak passages in the sequence of instruc- 
tion, identifying internal inconsistencies and omis- 
sions in the light of criteria and diagnostic test 
performance of learners. 

4. Syntactical and structural analysis of the author’s 
material, e.g., identification of terms used before 
they are defined, frequency of examples, and intro- 
duction of key concepts with familiar terms. 

6. Access by the author ' o a library of instructional 
strategies tested by experienced faculty in the 
classroom (as extrapolated from the data bank), 
and a file of unusual responses or questions 
students have raised while involved vrtth self- 
instniction via the OAI system. 



Apart from the work of re.searchers concerned 
with CAI .systems, others have achieved results 
which presage an era of fully automated produc- 
tion of sequences of instructional material. These 
developments have run the gamut from subrou- 
tines which produce example items such as might 
be apr-opriate for drill in addition and subtrac- 
tion Ol spelling, to the generation, of natural text 
answers to questions in English. The latter has 
been more closely identified with work in infor- 
mation storage and retrieval (I.R.), but it .is rep- 
resented here as a possible resource for the auto- 
matic production of study materials for instruc- 
tion. The (I.R.) system called “baseball,” de- 
vised by Green and others at Carnegie In^itute 
of Technology (1961), allows an inquirer to pre- 
sent natural text questions about the history of 
baseball to the system. In the computer program, 
the history of baseball is stored as lists which are 
manipulated by means of an information process- 
ing language ; the International Programing Lan- 
guage (IPL-V) system answers are computer 
generated in the English language. 

At SDC, the Synthex Project has been working 
toward techniques for processing pictures into 
verbal descriptions. In the reverse direction, com- 
puter generation of nonverbal materials (sounds, 
graphs, pictures^ structured tables, etc.) from 
verbal or numerical inputs may better serve the 
individual who is not verbally oriented or who is 
working in subject areas that are visually oriented. 
For example, as conducted in two special class- 
rooms at MIT, the student can apply mathemati- 
cal formulations to highway design problems and 
then visually lUisess the adequacy or his work by 
computer-generated graphical representations of 
various stress factors and their effects. Licklider 
describes the Bolt, Beranek, and Newman PDP-1 
systeni which permits the student to type in the 
coefficients of an equation, with the computer im- 
mediately displaying on the TV screen a corre- 
sponding parabola. By allowing the student to 
vary the coefficients in different ways, the com- 
puter-generated instructional sequence can help 
him understand the relations between the coeffi- 
cients, A further example of this kind of multi- 
dimensional display is seen in the work of Dr- 
Richard Wing of tne Board of Cooperative Edu- 
cational Services (BOCES) Center in Yorktown 
Heights, N.Y. Here, the IBM-7090 is programed 
to sequence a series of color slides on tne basis of 
student instruction during a simulated experi- 
ment in chemical analysis. This means that a 
chemistry student can sit at his desk and type di- 
rections to a machine that will “perform” chemi- 
cal experiments step by step. The student has a 
viewer on his desk which shows him what happens 
if, for instance, he orders potassium chromate to 
be added to a solution of hydrochloric acid. If 
the solution turns yellow, or the mixing causes an 
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oxplasion, tho student secs this on liis viewer. 
Thus, the computer siinuhites ^Yhat would happen 
if tho experiment were done in tho laboratoiy. 

Group Instructional Teclinology—Computer 

Monitored 

Elementary and secondary school administra- 
tor, as well as their college equivalents, are seek- 
ing (1) to alleviate the pressure of student num- 
ber, and (2) to unburden the student learner from 
tho restrictions of pace and time. These two 
trends, distinctly discernible in technological edu- 
cation, le«id in opposite directions. The firt seeks 
to reach larger groups with fewer teacher (and at 
tho same time provide “quality” instruction 
through more effective communications^. The 
second is aimed at individualizing the instimc- 
tional program, with the single student working 
independently at his own pace. 

The economic advantages of group training are, 
of coure, self-evident. Not so obvious are the 
potential advantages that can be derived from the 
social-facilitating effects of large group instruc- 
tion. Some of these advantages are : 

1. Improved learning through group reinforcement 
and competition. 

2. Improved learning through student interaction 
(e.g., prompting and simulation). 

3. Increased efficiency through group resolution in 
the problem-solving situation. 

At the Newhouse Communications Center, Syr- 
acuse University, several large classrooms are 
equipped with individual response keyboards at 
each student desk. These keyboard units are tied 
to a readout display at the instructor’s desk and 
will eventually be linked to the computer center. 
According to Dr. E. Oxhandlerj associate director 
of the center, instructors working in these class- 
rooms have devised various ways of utilizing the 
summary data of student responses. One pro- 
fessor has his students respond a “yea” or “nay” 
judgment on an answer to a specific problem given 
by a student. The student responses are auto- 
matically totaled and written on the blackboard. 
If it is “thumbs down,” then the student who gave 
the answer must support his position or alter his 
response. 

Another professor has used summaries and read- 
outs of student responses to improve his lecture 
material. At appropriate junctures, diagnostic 
questions are seeded in and student responses are 
elicited. He then modifies his lecture notes ac- 
cording to the answer most frequently given by 
his class. A third classroom will be wired with a 
unique special keyboarded typewriter unit at each 
station enabling students to make abbreviated 
transcripts of the lecture material. When these 
units are linked with the computer center, they will 



provide an evaluation of the students’ understand- 
ing of the material presented in tho lecture. This 
application is a good example of the information 
that can bo gained from coinputer monitoring of 
learning and recording devicc.s, either on or off 
lino to the comiiuter system. Data collected in 
this fashion can serve a variety of research and 
curriculum development purpo.ses. 

Chicago Teachers College North lias fitted an 
800-seat auditorium with a four-key response unit 
at each seat tied to a central computer. Real- 
time displays to the instructor and branching based 
upon a group mean of responses will determine 
the sequence of audiovisual presentations to the 
large mass of students. 

This brief summary of the more advanced com- 
puter-based, group instiuctional technology is de- 
signed to close the feedback loop between student 
and teacher. Group instruction technology can 
also provide: 

1. A means for controlling student attentive and im- 
itative behavior by requiring the student to re- 
spond actively to lecture material 

2. Immediate feedback and reinforcement schedules 
to establish effectively desired changes in the 
student’s behavior. 

3. A step-by-step analysis of the teacher’s educational 
material and its instructional effectiveness. 

4. A wide range of media presentations and alterna- 
tive approaches to the same instructional goals. 
Variable routes to the instructional program are 
prepared to insure that the subject is viewed from 
a number of vantage points and is taught in a way 
amenable to the variety of needs by a heteroge- 
neous learning population. 

The classroom of tomorrow will not eschew the 
conventional teaching methods of discussion, lec- 
ture, and textbooks (thou^ new and different 
textbooks will bo needed) . But it will make wider 
use of different media, including television, films 
and slides, and the computer. Visualizing the 
future applications of computer technology to in- 
creasing teacher efficiency and effectiveness in the 
classroom, the computer-based classroom will pro- 
vide for a variety of bookkeeping and diagnostic 
functions. According to some educators, the 
teacher spends at least a third of his time not 
teaching. He acts as host, clerk, librarian, coun- 
selor, housekeeper, decorator, ticket seller, attend- 
ance taker, data processor, analyzer, and police- 
man. Many of tnese noninstmctional functions 
and activities will be automated in the computer- 
assisted classroom. For example, when the teacher 
has a console in his classroom linked to the school 
computers, attendance taking will be even simpler 
when he need merely punch the key of each absent 
student. 

One of the paramount problems in classroom 
instruction is to coordinate learning activiti^ 
among a group of students of heterogeneous abili- 
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tics and educational backgrounds. ^ If wo look 
closely at the good instructor practicing his ait, 
wo find him individually tutoring students, help- 
ing to resolve individiuil learning problems; wo 
find him making expedient use of the social and 
motivational benefits of group instruction; and 
finally, we find him appropriately adapting cur- 
ricular materials for both individual and group 
modes of learning. The computer-based class- 



room fitted with television display devices pro- 
vides the teacher a means to monitor student 
progress individually; it also provides a readily 
available display of relevant eaucational data on 
subgroupings of students in the classroom. Con- 
ceivably it could also provide automatic alarms to 
alert the teacher to students heading for trouble, 
hopefully in sufficient time to prescribe corrective 
procedures. 



Specifications for Computer-Aidef Individualized Instruction Systems 

by ICakl L. Zinn-^ 



There has been and there will continue to be 
muck debate about tl;e value of comj>utors as teach- 
ing macliincs. One major question is that of econ- 
omy : ^ Trill conipuior systems bo too costly to 
establish and maintain and too unreliable in their 
operation to bo used for regular instruction? 
Arguments in favor of computers have been given 
but the problem must be explored with large in- 
v^tmente in careful field-testing of computer- 
aided instruction via time shared, remote process- 
ing systems. Other questions concern the quality 
of the tutorial instruction delivered by a computer. 
For example^ can the machine adapt well enough 
to the mdividual student? Interaction between 
student and automated instructional machines does 
hold gi'cat promise. In comparison with the pres- 
ent crowded classroom situation, the computer 
might even today show tremendous advantage for 
the individual student. Few students receive the 
individual attention which even a mediocre se- 
quence of instruction can provide via computer. 
Although the first investment must be made in self- 
instructional material regardless of mode of pres- 
entation, a sophisticated self-instruction device 
will be required to test the proposed advantages 
such as machine-processing of constructed re- 
sponses and adapting of materials to student char- 
acteristics and current performance. 

Tlio immediate justification for computer sys- 
tems today comes not in the instruction value but in 
the research and development payoffs. For ex- 
ample, ?n electronic processor can make extremely 
complex and adaptive presentations to student 
subjects imder well-controlled conditions. Such 
facility promises to help bridge the gap between 
somewhat artificial or coi.trived laboratory situa- 
tions and actual application of learning principles 
in the classroom. Laboratory results obtained 
under higlily controlled conditions may be coE'^ra- 
dicted later in the natural setting when previously 
controlled factors are allowed to influence the stu- 
dent subject. A computer system allows better 
representation of the real world under conditions 
of laboratory control and measurement. 



^2 Includ^ here by permission of the aatho 
Research on Learning and Teachln 
Michigan. It was prepared for the Automatt 
Education Handbook, published by American Data Processin 



Research and development also require a com- 
puter for extensive data collection and summary 
^ . ^®Pt?‘h5rm individual _ performance records, 
nils data collection would result in mountains of 
paper exhausting armies of researchers if the ma- 
chir.o did not also carry out summarization. The 
selection of appropriate techniques of data reduc- 
tion is important for each research or development 
purpose. For example, the empirical revision of 
instructional materials is a very expensive and 
time-consuming procedure because of the amount 
of data on individual student performance which 
must be considered. An ‘‘intelligent” computer 
routine would monitor many aspects of student 
performance and would summarize them for the 
author on request. For example, the ma^liine 
might accumulate all unanticipated student re- 
sponses and q[uestions. If there is a large num- 
ber, the machine should attempt some clas^cation 
and display a listing or diagram for the author’s 
perusal. The author could request greater detail 
whenever the summarization was not clear. Other 
examples are discussed under sections B, E, and F 
below. ’ ’ 

Another important advantage is the ease of ex- 
perim^tal treatments allowed by computer coa- 
trol. Once the experimenter has clearly specified 
the alternative instructional strategies he wishes 
CO test, that is, specified them so they can be pro- 
gramed on a computer, the relevant parameters 
can be varied automatically according to the de- 
sign selected. Furthermore, greater efiiciency 
with research data is achieved by adapting the 
design to the performance of the individual stu- 
dent. This has been demonstrated by Smith in 
pgrchophysical experimentation. 

Developing a Computer-Aided System for 
Instruction and Research in Learning 
Processes 

Six tasks to be approached in developing a com- 
puter-aided system for instruction and research on 
instruction are discussed below. Each line in the 
diagram is represented as a one-way arrow j how- 
ever, the channels should be two-way interactions. 
Interdependence of communication is labeled in 
parentheses and brought out in the discussions. 
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Task A; An Author Language for Instructing 
the Machine With Regard to Teaching 
Strategies and Materials 

A current bottleneck in computer-aided research 
is the programing of the computer to carry out the 
operations intended by the experimenter. This 
technological gap is even more restrictive in com- 
puter instruction since the professor-author is less 
likely to have the computer programing skills or 
the programing assistant available to interpret his 
instrucuons to the computer. Certainly the user 
in such a system should be able to vyrite in his own 
language ^Yith a minimum of restrictions the self- 
instruction or research materials he plans to use. 
This computer language should mclude general 
and special vocabularies natural to the author for 
describing his instructional materials and strate- 
gies. Presumbably, the user’s approach will 
employ the computer logic to treat students or 
subjects differentially, and it should be easy for 
him to so specify via a set of logics or strategies 
with which ho is comfortable. A proposal for a 
system of training patterns to be available in such 
an author language is given in another paper. An 
important aid for the use of this author language is 
an editing facility with which one can modify with 
ease both the material and the strategy stored in 
the computer. 

An essential characteristic of this language is 
that it be user-oriented without denying the 
author-instructor access to any of the system capa- 
bilities. For example, the novice will be able to 
prepare materials for computer instruction after 
only minutes of explanation of the system lan- 
guage, and the experienced author will be able to 
use the capabilities of the computer to the fullest 
for as complex a procedure as he can construct. In. 
the evolution of such a system a computer pro- 
gramer works with the authors to implement each 
new request for system capability, but it is his pur- 
pose to program himself out of the system by gen- 
eralizing each function which might be used a 
second time. 



At the first stage of development, the language 
includes alternative modal conventions such as 
printing an “X” after each siudent response which 
IS wrong, or selecting material with regard to the 
match of student and frame characteristics. A 
number of such modes or basic patterns are avail- 
able on request, some for author purpo^s, others 
for experimenter specifications. A library of 
special functions or procedures should also be 
available and expanded as needed for carrying out 
other particular tasks such as “display the fte- 
quency diagram,” “generate a type III syllogism 
with neutral terms,” and “repeat list to criterion.” 
Finally, it should be an easy matter for the user to 
define his own frequently used routines in terms of 
those already available so he can call on them with 
a single statement. 

For long-term development, the compiler sys- 
tem must be flexible and easily modified to incor- 
porate increasing user-specified requirements and 
to carry out research on new tutoring strategic 
and hardware. In the early stages the input/ 
output equipment might consist only of a type- 
writer or teleprinter station with supplementary 
visual and audio files. Eventually it includes 
computer-generated display apparatus and per-' 
haps special responder units developed for the 
needs of particular research and instruction. The 
software will be expanded to process a larger and 
more flexible author vocabuUry, incorporating 
developments in natural language processing and 
inquiry techniques. 

Descriptions of three examples of author input 
language are available. In brief, it is an inter- 
preter language of about 12 executable instruc- 
tions or operation codes and 10 manipulative com- 
mands by which an author at an IBM 1050 
terminal enters and edits text material and branch- 
ing logic in the disc storage of an IBM 1401, 1440, 
or 1460 system. In execution with a student at 
the 1050 terminal, the stored instructions are in- 
terpreted to present reading assignments, ques- 
tions, and replies to student answers. Responses 
constructed by the student are typed on the key- 
board, entered into the computer for comparison 
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%vith alternatives previously stored by tlio author, 
and the next computer repiy^ is determined by the 
answer with which a match is established. Some 
trivial characters, such as space and tabulation, 
can bo edited out to better achieve a match. The 
1050 teaching stations have the potential of con- 
trol of accessory delivery hardware, such as ran- 
dom access visual and audio files. The system has 
the capability to accumulate and summarize data 
on student performance and frame characteristics 
for the author-experimenter. A limited records 
facility has already been announced. The in- 
struction list can be extended by the addition of 
functions written in autocoder. 

A second example is the work of Leonard Uhr 
at the University of Michigan. His approach is 
similar to Coui*sewriter but imposes fewer re- 
straints on the user in writing his text, questions, 
and alternative answers. In addition, Uhr in- 
cludes a processing function which accepts partial, 
synonymous, and loosely stated answers. The 
programs written in SNOBOL are being tested 
on the Alassachusetts Institute of Technology 
jVLVC system. 

The PLATO group at the Coordinated Science 
Laboratory, University of Illinois, have developed 
a language for writing teaching logics or patterns 
for their system. It is used in conjunction with 
their CUC 1604 assembly language and a modified 
FOETRAN. The programer has great flexibility 
and scope for preparation of basic patterns (such 
as tutorial, inquiry, and simulation) into which 
any author can later insert his particular teaching 
material. For example, an author need write only 
the^ text, right answers, and diagnostics for tu- 
torial instruction; the computer has been pro- 
gramed in advance to fit arbitrary text and an- 
swers into a tutorial dialogue. In another pre- 
programed strategy the author may insert any 
text which he wishes to evaluate; the computer 
collects data during presentation to students. A 
third type of strategy being explored is simulation 
of laboratory or real world situations, such as 
qualitative analysis, medical diagnosis, interna- 
tional relations, or a primitive society. Research- 
ers at Bolt, Beranek, and Newman are giving par- 
ticular attention to a system in which an author- 
instructor can implement training and testing of 
dii^ostic skills. 

Computer instruction systems will provide au- 
thor facility at three levels. The first has been 
described, in which the author enters only his text 
and mles for evaluating answers in some standard 
pattern of instruction (e.g., a PLATO teaching 
logic). No Imowledge of computers is required. 
The second level allows the author to specify his 
particular pattern of instruction in a relatively 
simple language which can be learned in a short 
time (e.g., the IBM author language). At a third 
level an author having some training in computer 



programing writes out his own routines and strat- 
egies, and no has access to the full capability of 
tho computer system. However, the important 
point is that computers should be programed to 
carry out instructions written by an auUior in his 
own language. The exactness and organization 
required of the author should be no greater than 
for preparation of effective self-instruction ma- 
terials which do not use a computer. 

Course 'writing aids and diagnostics. There are 
a number of ways which computer routines can 
assist the author in the preparation and revision 
of his^ course. First, the system can instruct au- 
thors in the use of the language, via examples and 
exercises. ^ This is especially important if the 
language is continually being extended. Part of 
this instruction would be accomplished via a re- 
trieval system covering the reference manual for 
the author language. It would answer such ques- 
tions as what functions have been added to the 
language since this author last asked for new func- 
tions, or which of alternative sequences of instruc- 
tions will require the least execution time. Sec- 
ond, the author will be able to compose and edit 
text and diagrams on a CRT using typewriter 
and light pen. The commands to ^lete, insert, 
change, and move can be applied to any size seg- 
ment from a single character to a lengthy concept 
drill represented by a symbolic name in a block 
diagram on the CRT. Third, the system can pro- 
vide diagnostics on probable errors m a particular 
course such as internal inconsistencies and omis- 
sions in the sequence of instructions, and sugges- 
tions or reminders of how to take full advantage 
of the computer system. This action might be 
cued automatically by the presence of a particular 
pattern of instruction which is incomplete, un- 
usual, or equivalent in function to a simpler pat- 
tern or set of instructions. Or this information 
may be obtained by requesting, for example, which 
branches in the teaching system have been speci- 
fied but not provided for. A fourth author aid is 
the syntactic and structural analysis of his own 
material. | An author might make good use of the 
results of parches of his own text for uses of terms 
before their definition, frequency of examples for 
key concepts, spacing of the introduction of new 
concepts, and so forth. 

Task B: Analysis of Student Performance, 
Author Material, and Instructional Strat- 
egy 

The immediate summarization of student per- 
formance is very important to an author-instruc- 
tor for both course development and individual- 
ized instruction. These data are best obtained 
with one ob^rver for every student, but this ar- 
rangement is costly in both time and money. 
Instruction programers have in most coses settled 
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for tedious tabulation of Avritten responses of stu- 
dents obtained under poorly contiolled conditions. 
Tlio computer system makes possible proper data 
collection and summarization in real time inter- 
action 'vvith the student-subject. First, the re- 
sponses are obtained under Avell-controlled condi- 
tions; the author knou’s exactly what material the 
student has seen and when. Second, additional 
data, such as response latencies and trace of 
choices, are available for interpretation. Third, 
and in some ways most important, the online proc- 
essing of student responses allows real time pro- 
gram modifications. That is, a “monitor” may bo 
provided to execute prearranged changes on the 
basis of student performance summaries. 

The instructor needs summaiy data on indi- 
vidual student performance for day-to-day sched- 
uling of learning materials. The author needs 
frame-by-frame and strategy or pattern analysis 
for continual revision of a program in the de- 
velopment sta^e. Student ewor rate and frame 
difficulty have keen used, but in the adaptive real- 
time, computer-based system statistical treatment 
can and should become more sophisticated. ^ New 
developments in data reduction for indefinite se- 
quences, trends, and patterns may be employed, 
and Bayesian statistics are appropriate for proc- 
essing partial data subject to later revision. The 
contributions of Smallwood and Karush have 
been important in regard to online processing, but 
simpler algorithms or perhaps heuristic tech- 
niques have to be derived which reduce only the 
most relevant information. In the interim the 
selection of decision logic and technique of data 
summarization can be left to the author-experi- 
menter. After an author obtains a summary of 
overall performance, he may wish to inspect cer- 
tain records in more detail. Graphic display of 
data will facilitate efficient retrieval at an appro- 
priate level of detail. 

Task C: Display of Instructional or Experi- 
mental Materials 

Much of computer instruction to date has been 
restricted to typewriter input and output. Nota- 
ble exceptions to text mode have employed taped 
messages, computer generated sounds, and trans- 
parencies or computer generated diagrams pro- 
jected on a television screen or GET. The im- 
portant point is that the author not be limited in 
his controlled presentation of material to stu- 
dents: Input should be natural and efficient. In- 
expensive displays on paper, film, and tape will 
serve for much computer instruction. Some im- 
portant features of a more elaborate display fa- 
cility under control of the central system are dis- 
cussed after task D. 



Task D: Processing of Student Responses 

^ Tlio computer provides a “comparator” func- 
tion which may bo quite important when the 
learner does not have adequate discriminations at 
the beginning of his study. Often it is too diffi- 
cult or distracting for the student to compare his 
own response with the standard or alternatives 
provided by the author. The computer not only 
can make this comparison but also can be pro- 
gramed to give detailed feedback in regard to the 
discrepancy between response and standard. In- 
put by the student may be characters on a t 3 q)e- 
•writer or special purpose keyset, graphic^ indi- 
cations with a light pen or some other pointing 
and indicating control device, or audible sounds 
made vocally or with some device such as a musi- 
cal instrument. 

In character input, trivial differences in spac- 
ing, punctuation, spelling, format, word choice, 
and sometimes order and number of words should 
bo allowed in answer matching when so specified 
by the author. One of the functions of the input 
language is to allow an author-experimenter this 
control without increasing the complexity of the 
language for another user whose needs are met by 
one type of answer-matchin". Eventually rou- 
tines will have some of the characteristics of nat- 
ural lan^a^e processing, i.e., the machine will, in 
some limited sense, “understand” a student answer 
or request. Proces.sing of mathematical and other 
symbolic expressions input by the student requires 
another set of routines which will let pass trivial 
differences. In general, a gunbolic interpreter is 
required to allow any equivalent expression where 
the author so designates. 

An interesting example of response processing is 
the encoding of speech or music for comparison 
with a standard or model available on tape. The 
delivery device plays the model recording of the 
word, phrase, or musical phrase, and asks the stu- 
dent to match it. As he makes his response, the 
wave shape of his audible response is compared on 
one or more selected dimensions with a replay of 
the standard, and the mismatch is displayed im- 
mediately as feedback to the student. Thus, when 
he is trying to play the first three notes of a major 
scale to agree m pitch with the standard, he sees 
immediately the direction and extent of lus error. 
In attempting a Spanish phrase the student 
might set the comparison dimension for tempo and 
note at which points he is producing the syUables 
too rapidly or too slowly. Buiten and Lane at the 
University of Michigan have developed an ana- 
logue and digital system for research on the pro- 
sodic characteristics of speech. 

The capability of speech recognition with a very 
limited vocabulary may be available in experi- 
mental instruction ^sterns in the near future, and 
vocal input of a general nature is likely to become 
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event imlly a common component of computer 
sysioms. 

Another hind of response processing is (ho com- 
puter verification of student solutions. For ex- 
ample, if an internu'diato level student is attempt- 
ing to i)rovo a theorem in logic ho should not bo 
re<piired to 'write, out in detail every step necessary 
to the proof. When ho makes a small intuitivo 
step, as mathematicians frequently do, the com- 
puter checks for validity by carrying out the nec- 
e.xsary steps in detail. This has interesting possi- 
bilities for instruction since a computer doing (ho 
proce.ssing task can also be programed to a(;cu- 
mulato tiio kinds of erroi*s which the student 
makes, and generate additional exercises to as.suro 
acquisition of the, skill. 

Partial feedback on a student answer is an in- 
teresting and important concomitant of answer- 
matching. That is, tho compiiter is programed 
to i^rint out those parts of the answer which agree 
with the model jirovided by the professor. The 
feedback is typed out immediately below tho stu- 
dent’s response so he can compare and consider 
dilTerences before making his next attempt. Uhr 
has programed this feature with the provision for 
specifying order in the elements ot an answer. 
For example, an author can ask a student (via the 
computer program) for a list of examples; the 
processing routine searches for the keywords of 
each example in order (accepting the examples in 
any order) and prints out in the author’s words 
those examples which the student apparently en- 
tered. The author could choose an alternative 
logic and print out those answ’er elements which 
were not included in a student reply. Eesponse 
processing and partial feedback reduce the task 
of the author and increase the interaction between 
student and instructional program. 



Adaptive sequencing. In a programed textbook 
off the shelf, the student’s pace and branching are 
based on only the current response. To achieve 
more than minor adjustment to individual differ- 
ences, the instructor must maintain a library of 
parallel programs following different tracks and 
direct each student to the proper one on the basis 
of continual review of performance. A computer- 
based system makes possible a number of much 
more sophisticated adaptations which incorporate 
frame difficulty, frame relevance, student error 
rate, response latency, IQ, interests, etc. Wlien 
the author can provide a number of alternative 
frames or a rule for generating a frame at any 
point in tho program, selection from a set of 
frames is determined by any one or a combination 
of frame and student parameters. In mathematics 
instruction, a set of frames might include alter- 
natives at varying levels of difficulty or perhaps 
based on applications drawn from different sub- 
ject areas. The important dimensions in such 
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adaptive selection or generation are not well 
known, but a system having such capability is nec- 
essary for research on these parameters. 

Real time generation. There are two practical 
reasons for prejiaving computer programs which 
generate instructional programs from the content 
elements and relationships provided by a subject 
expert. First, there are instances where it is more 
efficient for tho computer to generate exerci^s in 
tho subject, such as arithmetic^ or spelling, 
than to store all tho possibilities intact. In pro- 
graming a sequence to drill addition or multi- 
plication facts, the programer certainly would not 
store all combinations but only the digits and the 
operators, and generate tho exercises from them. 
The author \vould, rather, describe a class of prob- 
lems than write out each problem of the class in 
detail. 

Second, if our best theories or intuitions are any 
better than random guesses, the generation of ma- 
terial can be adaptive in a way which facilitates 
leaiming. For example, one might provide a gen- 
eration rule which results in more practice for cer- 
tain number combinations difficult to master. A 
rule which incorporates current student perform- 
ance parameters would emphasize those combina- 
tions which are difficult for the student who is 
presently receiving training. In the development 
of reasoning skills or logical analysis, one might 
generate a variety of syllogistic reasoning prob- 
lems, first using symbols, then nonsense terms, and 
finally meaningful material. In paradigms where 
tho student’s performance suggests lack of mas- 
tery, additional exercises would be provided at the 
same or a simpler level until the student demon- 
strated he could pre^eed further. Spelling is an- 
other subject in which storage of a dictionary of 
words and likely connections among them would 
provide a more efficient and powerful way of pre- 
senting exercises. 

Another adaptive function which should not be 
overlooked is a diagnostic testing procedure by 
which not all test items need be ^ven to all stu- 
dents. For example, a difficult item in the appli- 
cation of a principle would be given only to stu- 
dents who could identify the principle. Others 
would be tested instead on knowledge and use of 
knowledge in other areas. In this way each stu- 
dent can be led to the depth as well as the breadth 
of his Imowledge ii. „ reasonable length of 
time. It has been su ; .cd that this method of 
testing also leads to greater learning on the part 
of the student because he prepares more carefully 
and continues leftming in the testing situation. 
This mixing of learning and evaluation will be- 
come increasingly common in college instruction. 
As a result the student will always kno'w how well 
he is doing and where he needs additional study, 
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and tlio toachor will know whoro tlio instructional 
materials are not meeting his objectives. 

Task E: Unanticipated student needs and 
interests 

Task F: Unique adaptions and additional 
direction 

These channels are im|)ortant considerations in 
a sophisticated author-program-student system. 
What today is unanticipated"and unic^uo should, by 
tomorrow, become part of a more detailed and com- 
prehensive program of instruction. An author 
must exploit the valuable data screened from these 
channels. However, tomorro ‘.v there are new needs 
which requiie that these channels be kept open. 
It is expected that there always is a human moni- 
tor in the system with the learner; he can bo called 
upon when needed, and ho can interrupt when he 
feels it to be appropriate. These channels are 
more completely realized in the conference room 
W'itli tutorial and group discussions where they 
should be of central importance. 

In the automated system described in this paper, 
an interrupt feature allows direct communication 
to be initiated from either direction or by a condi- 
tion of the system related to student performance. 
The machine maintains a record of the perform- 
ance of individual students for guidance as well 
as research and curriculum evaluation purposes. 
Certainly the student should be able to a^ for 
help at any time, and the tutor responding should 
have the benefit of an immediate summa^ of cur- 
rent performance and a list of Jmssible difficulties. 



Furthermore, the supervising tutor should bo a,blo 
to scan such summary without the student having 
to aslr for help or additional direction. Some-, 
times ho might, on his own initiative or an alert 
call from the system, interrupt and help a student 
around an approaching diflicultvj or might intro-, 
duce some additional guidance that would provide 
an interesting new direction for study. These aids 
not anticipated by the author should be noted and 
incorporated in revision of the instructional ma- 
terial and strategy. The system should^ provide 
for author modifications in prev'iously WTittcn ma- 
terial while monitoring a student’s progress 
through instruction. 

On-line tutornal. The machine also could 
monitor the individual interchange between in- 
dents and author-instructor for the purpose of im- 
proving the program. The record could be used 
much as tape recordings of tutorial sessions. How- 
ever, since the communication is stored via elec- 
tronic media, further summarization can be car- 
ried out by a computer. Ideally, the editor func- 
tion of the compiler should be able to store away 
and later use what a professor adds to his cour^ 
when interacting “online” with a student who is 
going through the preplanned sequence at a differ- 
ent terminal. In system description this is a 
routing of channels E and F (student-author inter- 
action) through the program element so they can 
be monitored and processed for use in later stu- 
dent-program interaction, in revision of the ma- 
terials, or in research on behavior of author and 
student in a tutorial situation. 



The Third Generation Computer— Time-Sharing With Many- 

Simultaneous Users 



Introduction 

^ Since 1955, three major stages in the applica- 
tion of computer technology to education h.ave 
been evident. The installation of tho university 
computing center for tho solution of mathematical 
and scientific problems came first. The second 
stage was tho use of electronic data processing 
(EpP) systems in accounting, recordkeeping, and 
logistical control activities; this amounts to the 
automation of iufonnation and data processing 
systems. Tho third stage, now barely underway, 
involves tho use of time-shai-ed computers with on- 
line teletypes and cathode ray tube (CRT) display 
equipment for supporting educators and learners 
in a wide range of intellectual processes. It is this 
diird application that spells a revolution in Amer- 
ican education, primarily because tho development 
of time-shared systems promises to improve in- 
structional processes. 

It would DO difficult to overestimate tho full po- 
tential of large-scale, time-shared networks of in- 
miiry stations for the improvement of learning. 
Computer-assisted instruction and the use of in- 
quiry stations to teach computer mathematics and 
programing as they apply to certain academic and 
vocational subjects are examples of the potentially 
fruitful applications in this new generation of 
computer systems. These two rapidly growing 
areas of development liave received much public- 
ity of late, and justifiably so, but the impact of 
computer technology on the improvement of en- 
vironments for learning is by no means limited to 
these. 

The Columbia City Project— A Time-Shared 
Network of Computer Stations in the 
Home 

A new dimension will bo added to home tele- 
vision viewing if projected plans for a computer- 
based communications center come to fruition in 
Columbia City, Md. Research is underway to de- 
velop in the new urban community near Washing- 
ton, p.C., a coaxial cable network, similar to com- 
munity antenna systems now serving many com- 
munities, that will tie more than 10,000 homes into 
a single cqmmimity; computer center. The homes 
in Columbia City will have a two-way communica- 
tions capability to be used for adult education, 
commercial, and recreational purposes. 

Linking a home to a community computer cen- 
ter puts the services of a large digital computer 



“oncall” for each member of the family. Current 
applications of the computer then become possible 
m the homo from the playing of games v/ith other 
Tv viewers to the retrieval of stored facts and 
documents for the individual learner. All of this 
IS within tho present state of the electronic art of 
computing systems, but the various elements of the 
system that now exist need to be pulled together 
mto a working prototype. 

^ The Maryland State Department of Education 
IS designing tho system for its educational applica- 
tions and plans are now projected for installation 
of the first neighborhood center in September 1967. 

A small keyboard device linking the viewer by 
coaxial cable and telephone line to the computer 
center makes the system possible by adding a feed- 
back loop to television viewing and making the ob- 
server an active participant in the communication 
network. Wliat does active participation mean to 
the average television viewer ? Some of the early 
uses projected for the network system are : 

1. The television set and keyboard response unit 
se^e as a nucleus of a versatile teaching machine. 
Typically, and at his convenience, the student is pre- 
sented with material related to his school courses or 
of interest only to himself. This material is fre- 
quently interspersed with questions designed to test 
the student’s understanding, and the student responds 
to multiple choice questions by means of the keyboard 
unit. Unless the student continues to respond cor* 
TMtly he is not iiermittcd to go on to new material. 
Alternative sequences of simpler material and vari- 
able approaches to the same instructional goals help 
the computer system to tailor the subject matter to 
the student’s unique constellation of abilities and 
background. Immediate feedback on test results, 
cumulative scores matched against certain norms, and 
multimedia approaches to the explanation of sub- 
ject matter all serve to motivate the student. 

2. The playing of two-person or multiple-person 
games becomes possible. In a typical bridge game, 
the viewer logs into the system by identifying him- 

through activating his keyboard unit. He views 
Lis hand on the television screen and electronically 
responds with a bid or a pass. His partner’s bid Is 
revealed on the screen and card laydowns are trans- 
mitted as the game unfolds. A closely coupled in- 
tellectual “conversation” is sustained either by the 
conymter simulating players at appropriate levels of 
sophistication or by linking four players through the 
network switchboards. Chess, poker, and even bingo 
are amenable to the initial system. 

3. Marketing applications for servicing the at-home 
purchaser become feasible. A parading of purchas- 
able items across the television screen enables the 
home viewer to buy any Item the budget can afford. 
Emergency provisions of drugs, food, or household 
items could be ordered. Instant look up of a savings 
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or checking jiccoimt heoomes not only possible but 
necessary if central billing is to be maintained by the 
computer center. 

The dovelopimnt of a computing tcohniquo 
known as “tiiiio sharing” makes the project both 
econoniica]Iy anti techincally feasible. The near- 
simultaneous use of a largo computer by more than 
5,000 psrscus cuts the cost of computer time to less 
than a cent per minute per user and gives each 
subscriber access to the central facility as though 
the entire computer service was at his disposal. 
Time-sharing techniques combined with a multi- 
})loxing system enable the computer to service each 
customer with a single pulse of broadcasted in- 
formation. Each customer or televisiori viewer 
could be looking at a dilTeront display tailored to 
his request or information need. A static display 
could be licld on the television screen until the 
viewer is ready for additional information or the 
next item under study. A xerography process, 
known as the “proxi system,” makes it possible for 
the viewer to read the displayed information in 
high resolution form and also to make copies of 
what he sees on the screen. By requesting and 
interrogating the computer at will, the user can 
program his television viewing at his own con- 
venience. 

In addition to static displays, as mentioned 
above, taped films of favorite TV shows and 
movies are also available to him upon request. 
The following is a typical example of what might 
happen when a student takes up a period of ma- 
chine instruction. The student sits down at this 
home TV console, facing the viewing screen. On 
the screen he sees items to look at, to read, to 
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study, or to watch in motion. Over the speaker 
ho receives veiiial commentary about what is hap- 
pening on the screen, or w .‘at is going to happen 
next. At frequent inteiwa . the screen presents a 
que.stion, and the computer waits until the .student 
selects an answer which he indicates by pu.shing 
a button. Immediately after ho answers a que.s- 
tion (or several questions), the system pre:ients 
him with feedback, either visually or orally, about 
his performance, ff it is incorrect, the informa- 
tion is explained again u.sing different approaches 
and the student is given another chanexs to indicate 
his understanding of the information by answering 
another question (or questions). Occasionally a 
question may require that the student solve a prob- 
lem before selecting his answer. The student may 
use his •w’ork space to solve^ the problem with 
paper and pencil, and then indicate his answer 
selection. Depending on the subject matter, the 
student may call up reference material to obtain 
his answer, or he may elect to review additional 
study items in a remedial sequence of simpler, 
more redundant material. 

The student proceeds through the lesson at his 
o^yn rale of spewed and receives instruction that is 
tailored to his level of performance. Some stu- 
dents will cover more material than others in a 
given time period, but each student will master 
the material he covers because the system simply 
will not proceed to new topics until the student 
has demonstrated this mastery. 

By providing convenient, individually tailored, 
and self-directed instruction in the home, the 
Maryland State Department of Education expects 
to solve many of the problems plagueing the school 
systems and those responsible for adult education. 
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The Emerging Technology of Education 



Part I 



Introduction and Dciinition 

Kducation in tlie United States can be viewed 
as an institution— social, political, economic. It 
can also be viewed as a process whereby humans 
learn and are taught.^ Subject matter content or 
skills are also sometimes loose referents to the 
word “education,” in the sense of such phrases as 
scientific education, physical education, or educa-. 
tion of teachers. Finally, there is always a defi- 
nition which represents a description of the effect 
of personal experience, as in the classic Education 
of Henry Adarns^ or in such a phrase as “that ex- 
perien(^ taught me a lesson in (or gave me an edu- 
cation in) human relations.” 

These separate but somewhat overlapping con- 
cepts (and they are by no means exhaustive) sug- 
gest that care need bo taken when addressing the 
problem of the relationships of technology to edu- 
cation. It would appear that the Commission 
should be interested m the bearings that technol- 
ogy has on education as an institution, a process, 
and its content. 

There is also some disagreement within the edu- 
cational profession as to wdiat is meant by the ex- 
pression educational technology (or instructional 
technology). A. group of experimental psychol- 
ogists would like to confine the term to an empiri- 
cal approach to the process of teaching and learn- 
ing.' That is, they refer to the work in experi- 
mental psychology as a developing “science of 
learning,” and applications of this science — for ex- 
ample, applying the principles of operant condi- 
tioning to teaching tlirough programed instruc- 
tion — as the “technology of instruction.” 

^Vliilo these psychologists admit that there is, by 
no means, a one-to-one relationship between their 
version of the science c£ learning and the technol- 
ogy of instruction, they view this relationship as 
the ultimate goal. There are some real ^veak- 
nesses to this point of view and it will not be the 

‘See. (or ex.-imple, A. A. Lumsdnlno. "Edncationnl Technolojjy, 
Prournmmed Instruction, and Instructional Services,” In Thcoric* 
of Learninr) and Instruction, 03d Yearbook of the National So* 
clety for the Study of Education, part I (Chlcaco, 111. : The Na- 
tional Society for the Study of Education, 1004) ; and James D. 
Finn. ''In.structionnl TechnoloRy," The Bulletin w the National 
Association of Secondary School Principals, toI. XLVII, No. 283 
(May 1003), pp. 00-103. 



one from which this paper is written.^ However, 
since this relationship does exist to some extent, it 
will be considered within a broader context of 
educational technology. 

Educational or instmctional technology is some- 
times too narrowly thought of as confin^ to hard- 
ware. Thus, for example, closed-circuit televi- 
sion or language laboratories represent to many 
educators the sum total of instructional technol- 
ogy — ^making it very easy to discuss or dismiss. 
Actually, much more is involved in the concept. 
If the point of view is taken that the institution 
of education in the United States is now the sub- 
ject of and is moving into the general scientific- 
teclmological revolution, then hardware, ma- 
terials, systems of organization, and new roles for 
teachers and administrators are all a part of edu- 
cational technology. Within this broad umbrella, 
there are subtechnologies; for example, psycho- 
logical testing, the development of new hardware 
such as the cartridge-loading 8 mm. film viewers, 
and the creation of whole systems of materials such 
as those designed for the jPhysical Science Study 
Committee by Professor Jerrold Zacharias to 
teach high school physics. 

^ Further, when education is viewed as an insti- 
tion, technology of a sophisticated type can (and 
is, to a small extent beginning to) play a part in 
the management and operation of the entire enter- 
prise. For example, data processing machinery 
and technique are being used for scheduling, 
pupil accounting, etc.; modular construction of 
school buildings is being tried ; information stor- 
age and retrieval processes are being considered 
as applicable to age-old library problems. 

There are, in addition, economic and other as- 
pects to this general concept of educational tech- 
nology. These will, in this paper, be interwoven 
as the (iiscussion criss-crosses between education as 
an institution and as a process. The general em- 
phasis, however, will be on the subtechnologies 
most closely related to instruction, as it is felt that 
this is the current interest of the Commission. 



’Amonp other problemn associated with this point of tIcw is 
that the ^^sclonce of leamlnir*’ must be a particular psychological 
position ; e.jt., Skinner or Bruner. More important is the fact 
that psychology is not the only science of learning. SociiU and 
economic factors introduce other Tariables. 
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studies: educational implications of technological change 



Thoso incliido hardware^ materials, systems, orga- 
nization, and psychological applications. 

Sources of Present Concern 

Since World War II tho national concern with 
education has been increasing, a concern that took 
a quantum jump with tho unveiling of tho first 
sputnik. Since that time, tho national effort to 
improve the educational system has redoubled sev- 
eral times. I lowcver, from the point of view of in- 
structional technology, all concerns cannot bo said 
to originate in the space race. The efforts of the 
Ford Foundation in the development and promo- 
tion of educational television, for example, ante- 
dated Sputnik I by several years. 

The concerns for education represent a sort of 
catalog of problems and issues relating to instruc- 
tional technology. These can be briefly listed: 

1. The population explosion with all it implies 
in terms of more students and fewer teach- 
ers and the necessity for new educational 
arrangements.® 

2. The information explosion, which presents 
gi’eat problems in curriculum construction 
( what to teach) and requires greater efforts 
in increasing the efficiency of teaching and 
learning (more learning in less time).* * 

3. The general rising throughout the wmrld, 
including the United States, of the de- 
pressed sectors of mankind. Education is 
seen as the main Aveapon in the Avar on 
poverty, for example, and the requirements 
of such an educational Avar include neAV 
methods and techniques to reach these peo- 
ple — here and overseas. 

4. The urge to raise the quality of life for all, 
which, in turn, requires raising the quality 
of education even though the institution is 
pressed on all sides by population, knoAvl- 
edgo, and various kinds of special demands. 
This situation also sets a requirement, al- 
thougli in a different Avay, for a more efli- 
cient educational process. 

5. Research and development on all aspects of 
education have generated more knoAA’ledge 
about the process and the i^.Atitution^ as 
part of the general knoAvledge explosion. 
From this situation rises a drive to intro- 
duce all kinds of innovations — most of 
tliem relating to instructional technology— 
into the educational system. Practice in 
education has, until the last few years, 
lagged about 50 years behind research and 

*A recent rrport from the TEMPO Division of General Elec- 
tric in Santa Barbara, Calif., projects the total U.S. population 
under 20 years of np:e in tho year 2000 at 143 million. 

* A paper on the explosion or knowlodpre will soon be released by 
the Instructional Tccnnolocry and Media Project at the Unlverpity 
of Southern California. In the meantime, a good peneiyl refer- 
ence on a portion of the knowledce explosion may be found m 
Derek J. de Solla Price, Science, Big Bcience/* New York: 

Columbia University Press. 19Q3. 



theory. Today the process of educational 
innov.ation itself is under study in an effort 
to speed up the rate of change. 

6. The need for education and reeducation 
and for training and retraining of man- 
power to meet individual personal needs 
and national needs increases as society be- 
comes more automated and technologically 
sophisticated. If, as is often said these 
days, an individual may have to learn 
several jobs in a lifetime, the same problems 
of educational efficiency involving possible 
uses of instructional technology arise— 
both on a formal and an informal basis. 

7. The ill-defined drive toward a new value 
system, symbolized by the student revolts 
at Berkeley and elsewhere and by very per- 
sonal concerns on the part of a segment of 
the intellectual community, suggests, 
among other things, dissatisfaction with 
the abstract, status-oriented, large-scale 
organization of the college and university 
characteristic of a technological culture. 
Since a return to the colonial college is im- 
possible, solutions to these problems, too, 
must be found in technology, although the 
student spokesmen would not understand 
this. The effort to find technological an- 
SAA’ers, hoAvever, is a function of a tech- 
nological society as noted by such students 
of technology as Ellul.® 

8. There is a cluster of economic pressures 
pushing for more technology in education. 
Several foundations, particularly the Ford 
Foundation, have poured money into the 
system for developments in this area. The 
drive to diversify on the part of the aero- 
space and defense industries (possible 
sources of educational hardware, materials, 
and services) as part of the general move 
into the public sector is another, little un- 
derstood, aspect of this problem. 

No claim is made that the catalog abo've is com- 
plete or that the application of technology to the 
educational system or to instruction will solve all 
the problems listed. It is true, however, that a 
component of educational technology AA’ill have to 
be present in any attempt at a broad solution. It 
would, perhaps, be well to examine some of the 
dimensions of instructional technology as it has 
developed in order better to understand its 
possibilities. 

A Short Historical Background 

For the problem at hand, it is crucial to under- 
stand the history of the development of instruc- 
tional teclmology for the last 50 years. However, 

*13Ilul, Jacques, The Ttchnological Boctetv, translated by John 
Wilkinson, New sork : Alfred A. Enopf, 1964. 
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tlio interested scholar may cliaso this development 
back inucli further than the overworked Greeks, 
if he desires. The ^reat Sumerolo^ist Samuel 
Noah Kramer puts the invention of writing on 
clay tablets at Sumer at about 5,000 years ago and 
then notes that “the Sumerian school was the direct 



outgrowth of the invention and development of 
the cuneiform system of writing.” ® To some ex- 
tent, the development of devices and techniques of 
communication — the development of a technology 
of instruction — has alTected education ever since. 

Skipping over thousands of years, the history 
of 19th century American education is replete with 
etfoctive technological developments — including 
the development of textbooks (to which there was 
some objection), the blackboard, and even im- 
provements in pens and ink.^ However, from the 
point of view of the Commission, the crucial pe- 
riod has been roughly from the turn of the century. 

'Inc last 60 or 70 years have been marked by 
social historians as the period of the so-called 
“communications revolution” — steam driven ro- 



tary presses, photography, motion pictures, radio, 
etc., with accompanying developments in psychol- 
ogy, mass communication techniques, school orga- 
nization and finance, etc. The following discus- 
sion will break down some of these developments 
to aid in obtaining perspective. 



ConventioTWil Audiovisual Devices omd Materials 



The best date to mark the beginning of the 
modern trend of using audiovisual devices and 
materials in education is about 1920. Before that 
time, the glass slide, the phonograph record, and 
to a very limited extent, the 35 mm. motion picture 
had been in some use. After 1920 developments 
speeded up, partly due to the use of films during 
World War I. By 1926, 16 mm. safety film and 
equipment for education were available, and a start 
had been made by the Eastman Kodak Co. in pro- 
ducing educational films; radio had reached its 
commercial stage and a beginning had been made 
with educational radio; other deyices and mate- 
rials were either developed or improved. An- 
other big change — perhaps the big change — came 
in the middle thirties with the development of the 
16 mm. sound motion picture, the worldiorse of 
the audiovisual movement. 

Accompanying these hardware and material de- 
velopments had been parallel developments in the 
study of learning from audiovisual materials, be- 
ginning with the first studies made right after 
World War I by K. S. Lashley and John B. Wat- 
son, the great experimental psychologists of their 
day. This connection between some very able re- 

< Kramer. Samuel Noah. History Begin$ at Sumer, Garden 
City. N.Y. : Doublcday and Co., 1950. 

^Anderson. Charnel. ••Technolo;;y In American Education, 
1650-1900.** New Media for Instruction Series, No. 1, Washing- 
ton. D.C. : U.S. Offlee of Education, 19G2. 



search p.'^chologi.sts, students of mass media, etc., 
and the audiovisual field has continued to the 
present and has resulted in a respectable literature, 
much of which is unknown to general education- 
ists, other psychologists, and to many vocal subject 
matter experts outside the field of education. It 
is also sate to say that while these developments 
did occur — partly through the generosity of the . 
Carnegie and Kockefeller Foundations — ^the ap- 
plication to American educational practice wus 
very limited. There werCj for example, only 
slightly over 600 sound motion picture projectors 
in the schools of this country in 1936.® 

By the time the United States entered World 
War II, an in.struotor could have had an adequate, 
instrumentation at his disposal. It included still 
and motion projectors of several varieties, record- 
ing devices and players, various forms of printing, 
chart production, etc., and sound and communica- 
tion equipment. In addition, a fair amount of 
material to use with this equipment (educational 
film, for example) was availaole, and quite a lot 
of know-how derived from research and practice 
was at hand. In fact, however, very few Amer- 
ican school teachers had even seen much of this 
technology, let alone having it available. (In 
some of the larger cities, of course, it was available, 
but not too extensively.) 

The wide — almost saturated-^use of audiovisual 
materials in the military and industrial training 
programs during World War II has been well told 
in several places.® This was the first successful 
mass application of the technology of instruction 
to the training of largo groups of men and women. 

Following the war, a renewed interest arose in 
the American public schools in the use of audio- 
visual materials. Some States, such as California, 
made a great effort and supplied funds in quantity 
for this development. Across the United States, 
however, the reaction was spotty, and the addi- 
tional know-how derived from the war effort had 
little effect in many places. 

In the meantime, hardware developments added 
to the impetus and the confusion. The develop- 
ment of wire and then magnetic tape recording, 
the long-playing record, improvements in the 
optics of projection equipment, and the adoption 
of the overhead transparency projector which had 
been developed during the war all contributed. 
Producers rushed in to turn out motion pictures, 
recordings, filmstrips, slide sets. ^ Besearch — some 
of it financed by the armed services — in the prob- 
lems of learning from these materials was carried 
on. However, as we approached the middle of the 

• Finn, Jnmes D., Donald Q. Perrin, and Lee B. Campion, “Stnd- 
les In the Growth ot Instructional Technology. I: Audiovisual 
Instrumentation for Instruction In the Public Schools, 1930-60 — 
A Basis for Take-Off.” Occasional Paper No. 0, TechnoloRlcal Do* 
vclopment Project of the National Education Association. Wash- 
InRtnn. D.C. : Department of Audiovisual Instruction, National 
Education Association, 1962. . . ..... 

•Miles. John R. and Charles R. Spjdn, AudiovUual Aida in 
the Armed Bervicet, Washington, D.C.: American Council on 
Education, 1947. 
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docjuloof 1050-50, educational intcrosi in what has 
ctmio to ho calloil conventional audiovisual ma- 
terials tailed oil’ soniowhat. Present developments 
date from that time and will bo discussed below. 

Psychological^ Sociological^ and Educational 
Dcvcloimients 

Even a brief account of the history subsumed 
under the title above could fill one or more vol- 
umes. The intention hero will bo merely to outliiio 
some of these related developments. The work 
of Thorndilvo at Teachers College, Columbia, early 
in this century set the stage for the development 
of a scientific psychology of education. Thonidike 
oven anticipated teaching machines and pro- 
gramed learning.^” S. L. Pressey of Ohio State 
University, as is well known, discovered certain 
principles of machine instruction while attempting 
to produce a test scoring machine in the twenties. 

In the early days of modem educational psy- 
chology, there was a tight connection between lab- 
oratory experimental psychology and educational 
practice. Gradually this connection eroded. The 
experimental psychologists shut themselves in 
their laboratories. Some educational psycholo- 
gists turned their attention to psychological, 
achievement, and other forms of testing and de- 
veloped a formidable subtechnology that has been 
the object of some recent criticism.^^ Others 
turned to the field of guidance. The effect on prac- 
tice, however, was highly variable. By 1955, this 
trend toward separation of experimental psychol- 
ogy and practice reversed somewhat and added a 
forceful element to the developing educational 
technology. This, too, will be discussed below 
under the present state of the art. 

In the meantime, other research w’orkers, prin- 
cipally in the field of social psychology (and, to 
some extent, related fields), had turned (heir atten- 
tion to the mass media of communication. The 
work of Paul Lazarsfeld both before and after 
IV orld War II is an example. This, togei her with 
the work of communication and perception theo- 
rists and industrial psychologists interested in 
group dyiiiimics, had certain fallout value for edu- 
cational practice. An educational technology be- 
gar to develoj) in the group field which had quite 
a vogue until fhe middle fifties. The work of the 
mass communication speciali.sts and perception 
psychologists has had some effect on the theory 
back of tlie educational use of audiovisual ma- 
terials. 

Wi th respect to the process of education it.self — 
learning and teaching taking place in an institu- 



>®Finn, Jnmos D., nnd Donnid O, Porrin. •*Tparli!njr MachinOR 
and Proprainocl I/oarnln;?, 10G2: A Survey of the Inclufltry/* 
Occasional Pnpor No. 3. Tcchnoloffiral Development Projoct of 
the National liduration Association, Washington, D.C. : National 
Education Association. 1002. 

^ See, for example, Banesh Hoffmann, Tht Tyranny of Te$U 
ing^ Riverside. N. J. : CrowelhCollier Press, 1982. 



t ional ref tin" — tlioorists in fho twenf ics had ^^reat 
hope of developing .something called “educational 
engineering.” The great leader of this movement 
was W. W. Charters of Ohio State University.” 
Charters’ ideas were attacked and pretty well de- 
molished during the thirties by both the social re- 
form and the child-centered p}iilo.sophers of edu- 
cation. From the middle fifties onward, the 
Charters’ concepts w’ere revived, although in a new 
form and were seldom attributefl to him.” In- 
temstingly enough, Chartei’s also had a great in- 
terest in audiovisual communication and founded 
the Institute for Education by Radio and Tele- 
vision at Ohio State in the thirties. 

Industriod and Governmental Developments 

Industrial developments relating to a technology 
of education can be briefly discus.sed with refer- 
ence to (1) the design, development, and market- 
ing of hardware and environments, (2) theprodu'*- 
tion and distribution of materials of instructioi 
and (3) intraindustry use of instructional tech- 
nology. 

Generally speaking, hardware, at least until 
very recently, has not been designed for use in 
schools. A manufacturer would produce, for ex- 
ample, a inotion picture projector designed for 
the industrial, home, or military market. Small 
change.s might be made for the school market, but 
the design and reliability needs of educators went 
unheeded. There was many a tragic joke about 
the 110-pound school teacher who had to carry a 
45-poiind projector up three flights of stairs. The 
whole question of the design of in.stnictional equip- 
ment is discus.sed in a paper of the Technological 
Development Project of the NEA.” Badly de- 
signed equipment and equipment mi.smatched to 
educational needs were among the causes for the 
failure of schools to rush to adopt innovations dur- 
ing the po.stwar period. 

School buildings provide spaces for learning — 
learning environments. As such, they are part of 
the technology that should aid in learning and 
obviously should be matched with other technolo- 
gies that have the same end. Since before World 
War II, this had not been true. Recently, some 
signs of change are evident. 

School architects have done a pretty good job 
in providing space for certain special educational 
functions — ^gymnasiums, auditoriums, shops, etc. 



”One of the writers has on loan from Ohio State Universltv a 
manuscript for a book bcinfr written by Charters when be died. 
The title is “Educational Engineering**; the date approximately 
1952. . 

’*An exception Is Silvern who has related Charters* Ideas to 
the present situation and credited him for hia contributions. 
See, for example. Leonard Silvern, Systems Engineering in the 
Educational Environment^ Hawthorne, Calif.: Northrop Corn.. 
ion3, 

Leverens, Humboldt W. and Malcolm G. Townsley, “The De- 
sign of Instructional Equipment: Two Views/* Oeeasional Paper 
No. 8. Technological Development Project of the National Educa- 
tion Association. Washington, D.C. : National Education Associa- 
tion, 1902. 
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I'hey have, over tlio last 30 years, immensely im- 
proved (ho aesthetic quality of the school environ- 
ment — color, light, etc. They have made the en- 
vironment more healthful with such things as 
hotter lighting and ventilation. They have done 
almost nothing to help the general instructional 
process by providing for modern instructional 
technology. Until recently, the concentration on 
using natural lighting through acres of glass win- 
dows has prevented full use of projection equip- 
ment, and many schools today still do not have 
adequate light control, acoustic treatment, or wir- 
ing. Beginning about 1955, this situation, too, 
has changed for the better. 

Problems of the design of instructional equip- 
ment over the last 50 years andj to a certain extent, 
problems of the design of buildings are inextri- 
cably related to the economics of education. The 
nnmufacturcr could not invest the necessary cap- 
ital to create special educational equipment be- 
cause his chances of recovery in a reasonable time 
were ahno.st nil. The manufacturer, therefore, 
adapted existing commercial equipment and made 
very few changes in the fundamental models mar- 
keted for educational use once they were set. One 
manufacturer used the same stampings for the 
body of a projector for about 20 years, ignoring 
both the needs of the teacher and the technological 
developments that had occurred during that time. 

The economic problems involved in providing 
an educational technology during this period 
(1.020-55) were complex. The educational estab- 
lishment had no precedent and no great inclination 
for investing in a machine technology at all. The 
local and State system of finance left little money 
in educational coffers for investment in teclmolog- 
ical capital. The local nature of the educational 
market (Robert Hayes, with insight, once called 
the educational market “clumped,” as opposed to 
homogenous or monolithic) together with local 
bidding procedures prevented large scale selling. 
The distribution organizations of the manufac- 
turei*s were primitive, ranging from one-man 
camera and music stores to a few large audiovisual 
dealci-s with service departments. 

The materials side of the developing educational 
technology over the same period also suffered from 
a lack of market on the part of the schools and a 
lack of capital, vigor, and imagination on the part 
of the producers. The first three largo scale ef- 
forts to produce educational films w'ere subsidized 
for many years by industry— partly in the hope of 
eventually developing a profitable market and' 
partly for what have to be philanthropic reasons. 
Eastman Kodak subsidized Eastman Teaching 
Films in the twenties ; Western Electric subsidized 
P]RPI Classroom Flims (now Encyclopaedia 
Britannica Films) beginning in the thirties and 
running for about 20 years; David Smart began 
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producing Coronet Films on his own estate, using 
the profits of Esquire. 

The textbook inarket, while no douht profitable 
over the same period of time, never realized its po- 
tential. School systems .sometimes kept the same 
textbooks in use tor periods as long as 25 years — 
w’itli all that iinplie^s m terms of outdated learning. 
It is only very recently that the development of li- 
braries for elementary schools has taken hold, and 
many iiinior high school nnd high school l'bra»’'<'s 
still are pretty bad. 

. In 1948, the textbook industry had a study made 
by a consulting firm to see if the industry should 
expand generally into the audiovisual field. The 
conclusion was that it should not.^“ McGraw-Hill, 
a fir;., that had already made a beginning in this 
direction, ignored the recommendations and now 
occupies a commanding position as an overall pro- 
ducer of all kinds of teaching materials. In gen- 
eral, ^he publishing industry is still not facing up 
to the general technological developments that are 
occurring.^® 

As more of the newer media — long playing rec- 
ords, tapes, cte. — came in, the same marketing pro- 
cedures applied. The supply a school had of new 
and older materials could only be said to be for- 
tuitous; it often depended upon who called on the 
superintendent. Maps had to be obtained by mail 
order or from a salesman who worked a large ter- 
ritory out of his house; the supply of textbooks 
depended upon the vagaries of State law — in 
Kansas students had to buy them, but in California 
they were supplied free (and this had certain po- 
litical implications in selling) ; the demand for 
films, slides, filmstrips, etc., was conditioned upon 
equipment available and the extent of library serv- 
ice; this was a classic chicken-egg situation and is, 
incidentally, one faced with the introduction of 
any new media or technology of instruction (teach- 
ing machines — programs, language laboratories — 
practice tapes). 

^ Begirming with the National Defense Educa- 
tion Act in 1958, the general marketing picture 
changed radically and with it improvements in 
the overall technological capital of the educational 
system. Figures available to 1960, however, in- 
dicate that the technological capital of the Amer- 
ican education system is still in a primitive state ; 
Finn has suggested that the Rostow concept of 
five stages or technological growth of a primitive 
society can be applied to the educational system 
and that the American educational system may be 
about ready for technological “takeoff.” 

Some time and space liave been spent on this 
very sketchy account of the development of some 

” A Report to Educator* on Teaching Film* Survey, conducted 
by Ilarcourt and Brace and other publishers. 1048. 

”UeddInR, M. Frank, with additional material by Rotter H. 
Smith, “Revolution in the Textbook Publishin;; Industry," Oc- 
cnslonnl Paper No. 9, Technoloplcnl Development Project of the 
National ISdiicntion Association, Washington, D.C. : National Edu- 
cation Association, 106.3. 

” Finn, Perrin, and Campion, op. cit. 
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aspects of educational technology in American 
education in this century because many educated 
laymen (and for that matter, educators and sub- 
ject matter experts now attending to the educa- 
tional problem) are not aware or these develop- 
ments. Many seem to assume that the concept 
of educational technoloj^ sprang full blown from 
the forehead of B. F. Skinner about 1954^ or be- 
gan when the Ford Foundation blessed instruc- 
tional television with money the same year. To 
some degree, judgments as to \\diat will and should 
happen with educational tcciinology have to bo 
conditioned on its history— even if every decision 
made up to this x?oint in time has to bo reversed. 

These developments, set .ybitrarily from^ 1955, 
have led us to the present time. All the evidence 
suggests that the middle of the fifties marked a 
shift, a quantum jump, in technological develop- 
ment for American education. This shift brings 
us to tlio present state of the art, and it will be 
described in the following section. 

Present State of the Art and a View of the 
Future 

As was indicated above, the year 1955 has been 
arbitrarily set as the beginning of modem develop- 
ments in instructional technology that have given 
rise to such expressions as “the technological revo- 
lution in education.” This period was examined 
in some detail in 1960 by Finn.^® A brief over- 
view of developments in the 10-year period after 
1955 should provide a reasonable description of 
the state of the art. 

Hardware 

More or less all technological developments dur- 
ing this time— machines, materials, techniques, 
organization patterns, etc. — may be conveniently 
classified into two largo categories: (1) A technol- 
ogy of mass or large group instruction, and (2) 
a technology of individual instruction. Develop- 
ments in instructional hardware fall neatly into 
these categories. 

Television is the instrument par excellence of 
mass instruction, even if the receiver is watching 
alone. The promoters of educational television 
in the beginning viewed television as an instru- 
ment designed to help solve the teacher shortage 
by providing quality instruction with fewer teach- 
ers. Television may bo either broadcast, closed- 
circuit, or broadcast on the 2500 mg. band (very 
short-range broadcasting) . 

There are now about 100 educational television 
stations in the United States. The tendency in re- 
cent years is for these stations to transmit more 
cultural programs and more programs of a general 

“Finn, James L., "Technology and Instrnctlonal Proceia,** 
AYER, ifvlnter 1060. 



educational nature for both adults and preschool 
children. School broadcasting (instructional tele- 
vision) still occupies some time on these channels. 
For reception, there were about 50,000 television 
receivers in tlie schools in 1962.^® 

Closed-circuit television and the adoption of the 
2500 mg. band provide a more direct means for 
using tmevision in school instruction. The adop- 
tion of closed-circuit television has not been spec- 
tacular. As of 1963, there were approximately 600 
such installations of all kinds in schools and col- 
leges in the United States.®® 

Delated to television development has been the 
development of the video tape recorder. In the 
^ginning, the price was prohibitive for educa- 
tional channels, but the Ford Foundation even- 
tually supplied the Nation’s educational television 
stations with professional video tape recorders. In 
the last 5 years, efforts, including competition from 
the Japanese, have tended to reduce the size, com- 
plexity, and price of this equipment. There are 
still problems of broadcast compatibility (the 
smaller, less expensive units produce tapes that 
cannot be broadcast oyer standard broadcast equip- 
ment without some difficulty; they can, however, 
be used on closed-circuit systems) . Video tape 
recording, of course, permits the freezing, storage, 
and free scheduling of television instruction. 

The other large developraent has been the lan- 
guage laboratory, a sophisticated combination of 
sound equipment centering on the tape recorder, 
now often called the learning laboratory. “Uie 
language laboratory is a device making it possible 
to drill many students in speaking and listening 
at the same time but as individuals. F urther, since 
there are oral (and aural) aspects to other subject 
and skill areas (spoken literature and stenographic 
dictation, for example), the possibilities of ex- 
panding the use of such a facility are being ex- 
plored in many places. There are about 10,000 
units in the United States, making this develop- 
ment the most spectacular from the point of view 
of adoption and expenditure of funds.®' These 
laboratories range all the way from small portable 
units that can be set on a table or wheeled apund 
on a cart to very large and complex installations.®* 
A third technological approach to large group 
instruction is called multimedia, or multimedia- 



« Finn. Perrin, nnd Cnmplon. op. c«. 

*»Cnmplon, Lee E. nnd Clnrlee Y. Kelley. "Studies In the 
Growth of Instnictlonnl Teehnolocy. II: A DIreetory of Closed- 
Clreiilt Television Instnllntlons In Ameriern Ldnentlon With a 
Pnttprn of Growth/* Occnsionnl Pnpor No. 10, Technolocicnl 
Dpvplopmcnt Project of the Nntionnl Education A«?soc!ation, 
Washington. D.C.: Dopartment of Aiidlovisiinl Instruction. Na- 
tional Education Association. 10G3. This fi>:ure is now somewhat 
low due to expenditures in the last 3 years provided under the 
National Defense Education Act. 

Finn. Perrin, and Campion, op. cit. « ^ ^ 

About 2 years npo the American Association of School Ad* 
mlnist rotors launched an attack on the lancunpe laboratory, 
usincT some research done at the Institute of Administrative Re- 
search of Teachers College. The Assoclntlon i« to cate- 

fforioal Federal aid to education, from which funds (NDEA) were, 
for the most part, used to provide those Inboraiories to the ichooli* 
The NDEA was up for renewal at the 
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null f ISC rcon. Iforo the liiirdwaro innovations are 
in tlio form of control oiiuipment which can op- 
erate several dill’eront types of projectoi*s, project- 
inn; on two or more screens, singly or togetlier. 
Projection may Ik' from the rear, as in the case of 
the Mult i-Media Laboratory of tlio University of 
"Wisconsin, or from the front, as in the case of a 
system developed at the University of Soiithcm 
Cali fornia. This technique permits the project ion 
of slides, motion pictures, and overhead transpar- 
encies as well as the playing of tapes and record- 
ings, very often with teachers or lecturers play- 
ing an integral part in the presentation. 

There have been small improvements in other 
forms of mass instructional technology as the con- 
ventional audiovisual devices have undergone 
some develonment, as, for examine, the semiauto- 
matic threading IG mm. motion picture projector 
and the semiautomatic or automatic slide projector. 
In some ways, principally duo to improvements in 
the equipment which made it much easier to use 
and to a superb approach to marketing by one 
largo company, the Minne.sota Mining and Manu- 
facturing Co., the overhead transparency projector 
has now become a great contender for the educa- 
tional technological innovation of the decade, after 
langui.shing since its development from the bowl- 
ing alley projector by the Navy in 1941. Coupled 
with the tremendous increase in the equipment has 
been a tremendous increase in eggs or chickens, as 
the case may be. Transparency materials of all 
kinds, some prepared transparencies, some mate- 
rials making it easy for teachers to prepare, and 
some sort of in-between arrangements, like cake 
mix, have become available. By far the most 
widely used process recently has been the heat 
transfer, office copy machine since transparent 
materials have been developed to use with it. 

Principally duo to publicity, the technology of 
individual instruction is thought by many to cen- 
ter on the teaching machine. This is not the case. 
When B. F. Skinner publislied his famous article 
in Science in 1958,*^ a great interest developed in 
teaching machines and programed learning. This 
interest not only engaged psychologists, but also 
segments of industry from small inventors to largo 
firms.^ From late 1950 to 19G2, a rash of companies 
went into the teaching machine business (see Finn 
and Perrin Most of the small ones have dis- 
appeared, and most of the large ones have dropped 
the projects. 

This situation had several causes. The educa- 
tional community was hardly ready for such a 
startling innovation; the whole business suffered 
from the same old chicken-egg situation. There 
were not enough programs for the machines; the 
machines were not standardized so that one pro- 



» Skinner. B. P., “Teaching Machines,” Science, toI, 128 (Oct. 
24. 1058), pp. or, 9-077. 

Finn and Perrin, op. cU. 



gram could fit another; most macliines were poorly 
designed; mo.st progi*ams violafed all principles 
of programing. Research sliowed no difference 
between machine and book-typo programs. Pro- 
gramed instruction survived in the form of Ixioks, 
notebooks, and other ways of using printed ma- 
terial without machines and is, at pre.sent, the 
captive of publishers who are not particularly in- 
terested in a machine approach. 

The teaching machine, however, is not dead. 
Some experimentation continues across the coun- 
try. In a few places, third and fourth generation 
niachines have been produced. The basic problem 
in the early days was that teaching machines at- 
tempted to present verbal information only. This 
was all that mostprogramers knew how to prepare. 
The capability of a machine, however, is in the di- 
rection, on the one hand, of a complex stimulus — 
picture, sound, color, as well as word.s — and, on 
the other, of a complex response mechanism re- 
lating the student’s re.sponse instantaneously to 
the task at hand. This leads to audiovisual stimu- 
lus machines and computer control— items that 
will bo di.scussed in the next section. 

In addition to teaching machines per se, a range 
of devices is in use or development that constitute 
a solid technology of individual instruction. Us- 
ing phonograph records and, later, magnetic tape, 
some teachers began experimenting with “listening 
corners” in the elementary school shortly after 
World War II. Headphones on gang jacKs were 
developed so that several children could listen at 
once without disturbing the class. Later, illustra- 
tive materials in the form of filmstrips and slides 
and various kinds of workbooks and directions 
were added. A sort of home grown individual 
instructional tcclmology was developed in a few 
places. 

Following on the heels of this, several manufac- 
turers brought out well-designed listening and 
viewing devices for filmstrips, tapes, sound film- 
strips, etc. ("NTarious types of reading pacers fall 
into this category. ) The materials producers have 
not kept up with this development too well, al- 
though they have produced some materials. A lot 
of work remains to be done to produce the proper 
kind of material for individual as opposed to group 
use. 

However, the most significant development on 
the individual instructional technology front has 
been the growth of 8 mm. film. About 19G0, sound 
was added successfully to 8 mm. film j this event 
triggered a largo number of developments in 8 
mm., many of them, interestingly enough, in the 
silent field. Although 8 mm. may be projected for 
fairly large groups and, with the new format just 
announced, will probably generate a projected 
image about as good as 16 mm. was 10 to 15 years 
ago, it is in the field of individual instruction that 
8 mm. seems to be destined to make its mark. 
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Tho small, inexpensivo technicolor cartridgc- 
loatling projector for inclividiial viewing is already 
finding iiuidi use and has started a new materials 
inovcniont known as “the single concept film.” 
The single concoi)t film is a 2- or Ihmiiiute film on a 
self-winding cartridge that may be inserted in the 
projector and be ready to project. It covers a 
single idea, for example, nuclear fission. The Air 
Force recently ordered a quantity of these projec- 
tors with, stop-frame devices w’hich make it possible 
to program the films and use the projector some- 
what as a teaching machine. Viewing devices for 
8 mm. sound film are also coming on the market. 
What this will do to television is still not clear, 
especially since there are other developments in 
the video tape recording field that bear on the 
problem of individual viewing and listening. 

Materials — Systems 

In the last 5 years, a great deal has been heard 
about the “systems a])proach” in education. This 
interest has increased recently ; there are projects 
at Syracuse University, Michigan State Univer- 
sity, and the University of Southern California 
that are working on certain aspects of the problem. 
The systems concept in education is related both to 
materials and to hardware as well as to certain 
psychological and philosophical concepts. 

Technically, if you consider such expressions as 
the educational system, the school system, and the 
State system of higher education, then an instruc- 
tional system is a subsystem. It is this subsystem 
that is generally the object of the systems approach 
in education. 

One way to understand the developing instruc- 
tional system is to approach it through the ma- 
terials of instruction. In this sense, the idea is not 
too new; for example, with the introduction of 
graded readers accompanied by workbqolcs, etc., 
in the twenties, a sort of system of teaching read- 
ing was introduced into the schools. IToweyer, 
the decade we are examining has seen a speeding 
up of trends toward systematic organization of the 
materials of instruction. This trend was identified 
by the Technological Development Project of the 
NE A as “from kits to systems.” 

There are now available all sorts of kits for 
teachers to use which consist of a variety of ma- 
terials organized around a topic, such as a country 
(Japan), a process (wdieat — bread), or a concept 
(energy). The.se kits often include paperback 
books, filmstrip.s, realia, phonograph records or 
tapes, etc. The kit is accompanied by a manual 
which suggests how the resources may be deployed. 

Another systematic approach to instruction be- 
gan several years ago with the production of a 
whole series of film lessons (162 half-hour films) 
in the field of physics. This was followed by other 
film series in other areas. These were not simply 



“aids.” They w’ero .systematic presentations of 
content accompanied by suggc.stions for other ac- 
tivities and related, to some degree, to texts or 
other materials. 

The concept of the Physical Science Study Com- 
mittee project under the direction of Professor 
Zacharias developed an even more .systematic ap- 

E roach. Here, beginning with a thorough text- 
ook revision, laboratory cxercise.s, an apparatus, 
a whole film series, and some other materials were 
prepared. This development was accompanied by 
tryouts in the schools and a program in the sum- 
mer for training physics teachers to use the ma- 
terials. While not developed exactly according to 
accepted principles of systems design, it could be 
said that the Zacharias group developed a system 
for teaching physics. 

The foreign language field has recently con- 
tributed some very systematic approaches to in- 
struction. There is one system for teaching ele- 
mentary French which consists of books, work- 
books, tapes, records, and films. These materials 
can be supplied in a case with the necessary hard- 
ware. The films supplied, w’hile in color, come in 
both 8 and 16 mm., and can be used on television. 

Throughout the materials field, organized and 
semisystematic collections of instructional mate- 
rials continue to make their appearance. Eight 
millimeter single concep»t films are being marketed 
in .sets and are related to textual materials; even 
the textbook industry is publishing sets of books, 
workbooks, tests, and materials from which over- 
head transparencies can be copied. Some of the 
newer work, as, for example, by the AIBS (biol- 
ogy) group is even more qrstematic. Materials 
ROW’ being tested by this group lead the teacher al- 
mo.st step by step through the teaching process.^ 
It is, I believe, safe to say that this move toward 
organization and system in the instructional mate- 
rials field is one of the most solid trends of the 
technological revolution in education. Its im- 
plication for the role of the teacher of the future, 
IS, of course, tremendous. 

The systems approach to instruction also has a 
hardware aspect. Up to the present time this has 
.shown up principally in an attempt to bridge the 
gap betw’een the technology of mass instruction 
and the technology of individual instruction. In a 
sense the language laboratorj’^ has always done 
this, as the individual student in the laboratory 
deals with what is, in effect, a mass communication 
system. 

How'ever, there are several devices now being 
used that bridge this gap more directly. These 
devices provide for mass stimulus (television, pro- 
jection, or multimedia presentation) but allow 
each individual student to react to what he sees by 

*• See, for exnmplc, Blolofionl Sciences Currlcnlnm Study, 
High School Biology, Special UatfrlaU: Teacher*t Manual (Re- 
vltietl Edition), Bonlder, Colo.: Bloloprlcal Sciences Curriculum 
Study at the UniTersity of Colorado, 1004. 
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])rossiii«j; a button, turning a dial, or otherwise iii- 
ionuin^ the system ns to his response. These de- 
vices under the General name of classroom com- 
iunnieatoi“s. One such device is now being used in 
several of the Job Corps camps. The data derived 
from tlio students’ response can bo processed in 
several ways; for example, providing the teacher 
wit h an immediate readoiit of how well the students 
are performing. The materials for such a system 
have to bo very caref\illy })iogramed and are, of 
course, highly systematic. Tliis requirement is the 
biggest problem in connection w’ith the use of this 
equipment."® 

There aro several other ways to consider tho sys- 
tems approach to instruction. For example, tho 
small group interested in computer applications 
to education seems to take the position that tho 
only systems approach to education is through tho 
computer, x'his w’ill probably bo the ultimate sys- 
tems approach.*^ 

Organizational Goncc'pts 

As was indicated by tho introductoiy material, 
organization is a major aspect of technology. As 
might bo expected, organization concepts better 
fitted to present educational needs are being sug- 
gested and applied. Wo arc considering here only 
organization for instruction — not other proposals 
having to do with the governing and financing of 
the educational system as a whole. 

In essence, there are tw'o such organizational 
patterns on tho current scene wdiich have many 
common aspects. The first, usually associated 
w’ith tho name of John Goodlad, reorganizes tho 
elementaiy (and junior high) school into an un- 
graded pattern, permitting tho individual student 
to progress much more easily at his own rate. The 
system of grade classes, imported from Germany 
in the 19th ceutuiy, is unrealistic in the sense of 
human variability. It was, in its day, a technolog- 
ical solution to a chaotic problem. "Whether tho 
ungraded elementary school is the answer for 1905 
yet remains to bo seen. The requirements in terms 
of materials, individualized instruction, and the 
like are frightening. 

Tho second new system of organization is ap- 
plied to tho .secondary school and is usually re- 
ferred to as the Trump Plan after its originator, 
Lloyd Trump. Tnimp has attempted to break up 
the “egg crate,” 80-student-to-a-classroom situa- 
tion in the high school and provide for large group 
instniction (40 percent), small seminar instruc- 
tion (20 percent), and individualized instruction 
(40 percent). This concept is formally referred 
to as tho Staff Utilization Plan. Inherent in this 



The best such projrmra tho writer has soon Is one developed 
for the rotralnlnff of bus drivers by Western Greyhound using 
films and slides on a system known ns the EDEX. 

^ See the paper prepared for the Commission by Donald Bush* 
sell for a complete discussion of this aspect of educational 
technology. 



.system i.s the idea of team teaching where teams 
of teachers, sometimes under a master teacher, 
manage these several responsibilities. Various 
aspects of this plan have been tried out all over 
tho United StatCvS, and the idea .seems to be moving 
into practice. It should bo emphasized that the 
Trunm Plan is also po.stulated on a much wider 
use or instructional instrumentation than now ex- 
ists, particularly for largo group and individual- 
ized instruction. (Many existing team teaching 
experiments do not have tliis component.) 



Curriculum Reform 

Another a.spect of the technological revolution 
in education is curriculum reform. Reference was 
made above to the Physical Science Study Com- 
mittee. Tlie PSSC set the pattern for curriculum 
reform, backed by money from private founda- 
tions and the National Science Foundation. Since 
that time, following the PSSC pattern to some 
extent, groups in biology, chemistry, mathematics, 
and many other fields have been organized. As 
of 2 years ago, the NEA identified 37 such proj- 
ects. Almost all of these have an orientation to 
instructional technology in some or all of itJ 
a.spects — television, programed instruction, films. 
In other words, the approach to the radical revi- 
sion of the educational process is through tho ma- 
terials and devices of instruction. 
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If the approach to change in education is viewed, 
at least in some quarters, through the materials 
and devices of instruction, it follows that the psy- 
chological orientation of these devices and mate- 
rials within the teaching-learning process is of 
crucial importance. This is the area of applied 
educational psychology, or, as was indicated in a 
previous section, what some theorists, such as 
•Lumsdaine and Gla.ser, consider to be the tecli- 
nology of instruction. 

The current situation, however, within educa- 
tional psychology is, to say the least, mixed. Veiy 
few theorists or practitioners would be willing to 
say that one given point of view has achieved all 
of the answers. In the general practice of school- 
keeping today, an eclectic point of view as to 
theory coupled with a largo portion of experience- 
passed-on-down constitutes the operational base. 

"Within the general literature of learning theory 
and related matters, there have been many at- 
tempts to distinguish, describe, even to reconcile 
various theories of learning. Hilgard, for ex- 
ample, in a classic work treats nine theories of 
leaming.28 Such considerations are important to 
the scientist exploring this area, but it is highly 



"HilKnrd, E. R., Theorict of Learning (2d ed.), New York: 
Appleton-Century-Crofts. 1056. 
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lilcely that most practitioners today— t-eachers, 
materials producers, _ etc. — could not make the 
soiiiel imes subtle distinctions between these points 
ot‘ view, and certainly could not consciously apply 
these distinctions to real life problems of teaching 
and learning. 

The unintuited person reading only a portion of 
the literature might get the impression that the 
matters of teaching and learning \vere pretty well 
settled by the psychologists. This is not the ca.se. 
However, since the educational process is ongoing 
and since children and adults come to school daily, 
some kind of commitment to a point of view is 
often made, particularly at the gro\ying edge of 
educational technology. The following brief de- 
scription of the situation must be read with this 
fact in mind and also remembering that most prac- 
tice does not have a coherent theoretical base. 

The most dominant point of view within the area 
of instructional technology today is that of Prof. 
Jerome Bruner of Harvard. Professor Bruner’s 
point of view has been adopted by the Zacharias 
group which began the national movement of cur- 
riculum revision through the materials and device.^ 
of instruction with the physics course of the Phys- 
ical Science Study Committee. This group has 
extended its activities to such areas as elementary 
school science,^® and its point of view and method- 
ology are, it is believed, dominant throughout al- 
most all national efforts at curriculum revision, 
even including music and the fine arts. 

At the great risk of oversimplification, Bruner 
and his colleagues, because they have carefully and 
brilliantly studied what is known as cognitive 
structure (an individual’s organization, stability, 
and clarity of knowledge in a particular subject 
matter field at a given time) , have emphasized two 
general concepts: (1) Knowledge in a given field 
has a structure that can be taught and on which all 
individual facts and events can be hung; and (2) 
such a .structure is best learned by the method of 
“discovery” or “inquiry,” which in turn will help 
the learner be more creative and able to learn ail 
his life. Bruner’s ideas have received great ac- 
ceptance among scientists, mathematicians, and, in- 
terestingly enough, from many old-line progres- 
sive educators. A popular source for Bruner’s 
ideas is his'little book The Process of Education?^ 
His concern with other aspects of learning may bo 
found in another small volume, On Knowing P 

Again, recognizing the dillicultics of oversim- 
plification in a brief treatment such as this, B. F. 
Skinner, al.so of Harvard, can be thought of as 
holding a point of view almost directly opposite to 
that of Bruner. Skinner has recently criticized the 
Bruner position in a popular article®* and in a 

» Soe. for exnmple. A Review of Current Programs, Educational 
Serv'cc.s. Inc.. SVntertown. Mnsa.. 1005, 

Brnncr. .Terome. The Process of Education, Cambridge, Mass. : 
Hnrvnrd UnlvorMty Press. 1900. „ - 

•'Bruner. Jerome. On Knowing, Cambridge, Mass.; Harrard 
University Press, 1902. 



technical essay.®® Skinner, recognized as the 
father of teaching machines and programed in- 
stinct ion in the modem sense, has a theo^ of 
teaching and learning known as operant condition- 
ing in which the individual learner’s behavior is 
“.shaped” by positive reinforcements admini.stered 
under certain contingencies and following certain 
scliedules. Theoretically, programed instniction 
of the .so-called linear type is designed to do this. 
In practice, very few programers \vrite pmgrarns 
according to pure Skinnerian principles. Skinner 
has had an enormous influence on the thinking of 
p.sychologists, and it is safe to say that most psy- 
chologists today are behaviorists W’ho would be 
willing to accept a groat deal, if not all, of Skin- 
ner’s point of view. The fact remains, hoiveyer, 
that his influence on educational practice, particu- 
larly on educational technology as it is being ap- 
plied, is small compared with that of Bruner. 

A third point of view, for the moment somewhat 
outmoded, may be described as antitechnological 
and existential. It is stubbornly held, however, by 
a portion of the educational community, notably 
those most concerned with child development and 
the person, and some of tho.se concerned with crea- 
tivity. These latter often accept much of the 
Bruner position in addition. In some ways this 
position combines a little of the old Gestalt con- 
cepts with the so-called assumptive view of percep- 
tion and a great deal of emphasis upon self, self- 
actualization and self-perception. These con- 
cepts, combined with certain others derived from 
psychotherapy are often referred to today as “ex- 
istential” psychology. 

As was mentioned, there are, of course, other 
theories of teaching and learning; the so-called 
neobehaviorists, for example, adhere to a range of 
closely overlapping points of view. We are speak- 
ing here primarily of the views of practitioners 
(considered broadly) concerned with developing 
educational technology. In this connection, sev- 
eral newer positions which appear to have promise 
for or are related to instructional technology 
.should bo mentioned. Studies in neurophysiology 
have re.sulted in a theory of thought in behavior 
dealing with the electrochemical functions of the 
central nervous system ; memory has been studied 
with reference to changes in nervous structure, etc. 
Such a viewpoint is appealing to some theorists in 
instructional technology, probably because of its 
science-technology relationship. One of the lead- 
ers in this field is D. O. Hebb.®* 

Closely related to the interest in neuropsychol- 
ogy and even more closely related to developments 
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ill tcchnoloiiy in general is what is often referred 
to as the cybernetic niodcl of behavior and learn- 
ing. Essentially, this viewpoint undertakes to ex- 
plain thought and behavior in terms of models de- 
rived from the studies of computers. An excel lent 
statement of this position may bo found in Miller, 
Galanter, and Pribhain.^® In many ways, this 
theory can bo considered an information theory of 
learning and is related to an even more elaborate 
concept, J. P. Guilford’s stnicture of intellect.*® 
Pavid Ausubel has recently published a theory re- 
lating only to what he calls “reception learning,” 
or the processes of learning meaningful verbal ma- 
terials, .ygaing that this type of teaching is what 
is principally done in school.*^ All of this work 
suggests that it will intluenco technological appli- 
cations in education within the next decade. If 
this is true, some changes in current trends will 
occur. 

Finally, it should be noted that both dominant 
and emerging theoretical positions in the litera- 
ture (which have been applied in small areas of 
technological practice in some instances) merely 
emphasize the fact that the educational practi- 
tioner cannot turn to a science of learning for 
his answers. This has resulted in a technological 
or empirical approach to solving practical prob- 
^ lems of teaching and learning. This point of view 
in espoused by Oliesh and is contained in part II. 
The empiricists hold that materials, devices, and 
processes must be validated in advance in terms 
of well stated objectives of instrutcion on the stu- 
dents on which they are to be used. In other 
words, materials, processes, and devices are pro- 
duced on a best-guess basis, are tried out, are re- 
fined or changed as necessary, and are tested again. 
The process is repeated until a system that works 
is derived. Such a concept can be considered as 
a sheer technological or engineering approach and 
is so referred to by those who advocate it. 

If present eft’orts at research, development, and 
theory construction continue to expand; if, for 
example, the national research and development 
centers and the regional educational laboratories 
take root and grow, it can be expected that a much 
greater alignment of theory and practice of teach- 
ing and learning will come about within the next 
two decades. While it is unlikely that the answer 
will bo achieved in this first new thrust, the move 
toward the classic relation of science to technology 
in the field of education will be speeded up. 
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Research and Development 

Tiio lii.story of research and development in the 
field of instructional technology is a long story 
in itself.*® Contributing to the quantum jump of 
1958 in this field was the passage of title VII of 
the National Defense Education Act. Title VII 
provided both for research in the new media field 
and for di.ssemination of information about new 
media to the educational community. Although 
the amounts of money available liave been .small 
(too small), the effect has been large. Psycholo- 
gists and other educational research workers have 
turned their attention to educational media, and 
fundamental questions concerning effectiveness and 
use of the teclmology of instruction have been 
investigated. 

The Cooperative Eesearch Group in the U.S. 
Office of Education lias also funded some studies 
in the field of instructional technology, and some 
research has been backed by other Government 
agencies concerned with manpower retraining, etc. 
Compared to the need, this research effort is still 
too small and the dissemination of the results of 
this research leaves much to be de.sired. 

The new Elementary and Secondary Education 
Act of 1965 contains a provision for $45 million 
for what are known as regional educational labor- 
atories. These laboratories (actually, they will 
probably be more like groups of cooperating in- 
stitutions and school districts) are suppo.sed to 
do research and then apply the results of this re- 
search to practice. The task force, which worked 
preparing the background for the bill, had in 
nimd something like Professor Zacharias’ Educa- 
tional Services Inc., a nonprofit corporation which 
produces the materials for PSSC and other cur- 
riculum projects. Ilow’ever, it is likely that the 
organization of the laboratories will be much 
broader. There is no doubt, however, that there 
will be a large component of activity relating to 
instnictional technology in these laboratories. 

While many important research questions need 
to be settled, the great problem is the dissemination 
of the results of this ^york and the application of 
these fiiidings to practice. To take just one exam- 
ple, there is very little evidence that the research 
findings on programed instruction have actually 
been applied in the construction of many programs 
that are available; further, the use of programed 
instruction in the schools remains at a minimum 
level — the movement has not affected practice a 
great deal. 

The great foundations of this counfiy have con- 
tributed both to the research effort surrounding in- 
structional technology in this decade and to the 

"The Instrnctlonal TpchnoloRy and Media Project at the Uni- 
T^rslty of Southern Cnlifornin will soon roloasc a paper coverlnj? 
the history of research and development in instructional 
tecbnolosy. 



lV-44 



STUDIKS: EDUCATIONAL IMPLICATIONS OF TECHNOLOGICAL CHANGE 



tlovelopinont work associated with it. Actually, 
foundation support has principally been for devel- 
opment and, as such, it Invs been more of an eco- 
nomic than an intellectual force. Because of this, 
it will be treated in the next section. 

The Infusion of Capital 

If technological capability — machines, mate- 
rials, etc. — is viewed as capital, the educational 
system of this country is still poverty ridden. Us- 
ing hardware as a iucasuro of this capability, Finn, 
Perrin, and Campion found it to bo relatively 
low.33 

This low' capital level is why, during this crucial 
decade of 1955-04, foundation support has in many 
cases been decisive and has turned the path of 
American education into new, technological direc- 
tions. The role of the Ford Foundation in this, 
picture cannot bo underestimated. Especially in 
the held of television, the support from the Ford 
Foundation was decisive. This included help for 
weak educational television station.s, the establish- 
ment of the National Education Television Net- 
work Service, support for a national effort in 
instructional television, the institution of the 
airborne television program in the midwest 
(!^^PATI), etc. ]\[ilhons of dollars helped build 
technological capability and, of course, included 
other activities be.sides television; for example, the 
founding and support of the Educational Facil- 
ities Laboratories which are designed to improve 
educational construction of all kinds. 

Other foundations, notably Carnegie, also con- 
tributed to this buildup. However, other than 
television, viewing the needs of the country as a 
whole, all the foundation money put together could 
only bo described as seed corn. It remained for 
the U.S. Congress to provide funds for a much 
larger capital infusion into the American educa- 
tional system. 

From the point of view of educational technol- 
ogy, title III of the National Defense Education 
Act made all the difference. In its original form, 
it provided money on a matching basis for States 
to furnish local school systems with funds to pur- 
cha.so materials and equipment for teaching sci- 
ence, mathematics, and modern foreign langu.ages. 
This provision has since been expanded to cover 
other areas of the curriculum. Under the older 
restrict ion.s, approximately 60 to 70 percent of the 
funds wTnt into science equipment and the balance 
into audiovisual materials and equipment. These 
percentages are no doubt changing and, during the 
last year, the amoimt of money expended under the 
provisions of this title was about $90 million. 

Almost all of the acts relating to manpower 
(manpower redevelopment and training, voca- 

^Finn, Perrin, and Campion, op. cit. 



tional education, etc.) are designed to i)rovide 
money for re.search and for teaching equipment 
and materials. No estimates w’ore available to the 
w'riter as to the exact amount of sucli funds, but 
they are considerable and will contribute to the 
overall increase in technological capital for the 
educational system. 

Acts of the Congre.ss relating to manpower were 
climaxed with the passage of the Economic Op- 
portunity Act of 19G4 — the so-called War on Pov- 
erty. In the act, provision is made for centers 
for the basic education and vocational training 
of joble.ss youths. In the organization and de- 
velopment of these centers, the a.ssumption has 
been made that a great deal of use must be made 
of instructional teclmology because the system of 
instruction, it is believed, mu.st bo considerably 
different from that used in schools from which 
the.se young people dropped out in the first place. 
Because the main Jol Corps training centers are 
being operated by private industry in many in- 
stance.s, every effort is being made to apply the 
be.st that is known in the instructional program 
of these camps. Money is available. Camp Parks 
for example, installed about $90,000 worth of tele- 
vision equipment. This development will have 
far-reaching effects, but they have yet to bo as- 
sessed. 

The latest act of Congre.ss affecting instruc- 
tional technology is the Elementary and Second- 
ard Education Act of 1965. Mention has already 
been made of the laboratory provision. One 
title of the act provides for the strengthening of 
libraiy services, and this will add to the tech- 
nological capital available to schools, as library 
services will include materials other than books. 
Another section provides for supplementary edu- 
cational centers. These are conceived very broad- 
ly and will contain everything from guidance and 
remedial services to resident musicians. These 
centers will obviously have a media component 
and may end up as, among other things, regional 
centers for more sophisticated technological serv- 
ices. Plans for these programs are just being 
laid. 

There are other governmental influences in the 
field of instructional technology; for example, the 
wide use of many of these techniques in the train- 
ing programs of the Armed Services. Further 
research in the field of instructional technology is 
being conducted by HumRKO for the Army and 
by other defense agencies. 

The picture adds up to the fact that an in- 
crease in the technological capital of the educa- 
tional system of the United States can bo ex- 
pected in the next few years as a result of Gov- 
ernment programs. The extent of the increase, 
its general acceptability, and its effect remain 
to be seen. At present, fro.j the point of view o.f 



EMERGING TECHNOLOGY 



lV-45 



tlio existing, lot nlono tlio futuro, teclmolo^, tlio 
Aniorioan ocluoational system is undercapitalized 

1 he liespofus'c of Industnj — Diversification and 
Iteorganizatioii 

^ Accepting the fact that tlio American educa- 
tional system remains primitive from the point 
of view of technological development, it is no 
di He rent from other parts of the public sector, 
such as the held ot social work. Th’s concept, 
of course, can bo traced to Galbr; ^ ho sug- 
g**sted in the Affluent Society t) V'S'^ment 
must move into the public secior '.iiat we 
should treat such institutions as ed ...tion with 
at least as much genero.sity as we do Las Vegas or 
the Strategic Air Command. 

In addition, the economics of the defense and 
space programs cannot forever remain at the 
same levels. These programs have created great 
scientific-based industries with tremendous tecli- 
nical and manpower capabilities. Keduction in 
space and def.nse programs could cause social 
problems of no mean magnitude. It is no acci- 
dent, therefore, that the Galbraithian concept of 
beefuig up the public sector of the economy should 
bo linked to the potentials of the aerospace, de- 
fense, and science-related industries. 

Vith some anticipation in the e.arlier man- 
power acts, this policy became reality when the 
Economic Opportunity Act of 1964 provided for 
the participation of industry in the Job Corps . id 
other programs. This put the science-related in- 
dustries into the education business and, in the 
perspective of the general scientific-technological 
revolution, was inevitable anyway. Further, many 
of these industries or industrial groups had made 
previous passes at private educational develop- 
ments (teaching machines, computer scheduling 
services to schools, etc.) and already had created 
some specijil educational capability. 

The various acts discussed aWo provide a con- 
siderable amount of money and are .an enticement 
for the science-b.ased industries to enter the edu- 
cational field. Since most of them have a (|uicl:- 
reacting capability, it w.os to be expected that the 
last few months have been occupied witli tooling 
lip, preparing proposals, reorganizing in the direc- 
tum of what can only be called “educational diver- 
sification,” and otherwise preparing to move into 
this new' enterprise. 

Several of the large Job Corps camps, as was 
indicated above, are being operated b. these in- 
dustries, sometimes in combination witli a univer- 
sity. However, the most interesting signs are 
those related to mergers, acquisitions, joint ven- 
tu re agreements, .and the 1 ike. E ay theon h.as pur- 
chased EDEX, a classroom communicator manu- 
facturer, and Dage Television. Xerox has cre- 
ated a research laboratory in the basic behavioral 
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.sciences and has acquired Basic Sy.stenis (a jp 
graining group) and American Educational Pi.., 
lishers; We.stinghouso has acquired the entire pro- 
graming capability of Te.'iching Machines l^nc.; 
Litton Industries and Hughes Aircraft have both 
built up inhouse capabilities in these fields and, 
particularly in the case of an acqui.sition-oriented 
comp.any' like Litton, acquisitions of vanou.s kinds 
may bo expected. This is a partial and very in- 
complete list, but it is illustrative. 

TJieso industrial groups are aggressive and have 
acce.ss to highly educ^ated manpower both inhouse 
and on a consulting b.asis. The effect of these de- 
velopments is not yet clear, but some of them ought 
to be ])i’ctty obvious. There is not too much man- 
power available in the instructional technology 
field, and hence, there will bo competition for man- 
power.^” The very existence of technology-based 
mstruction.'il programs in Job Corps camps, etc., 
will put pressures on the schools. School board 
members may not be .so reluctant to vote funds for 
instructional technology once the industrial factor 
becomes evident, and they may even put pressure 
on .school administrators. 

Since this is just the beginning of this phenom- 
enon — essentially a phase of the scientific- techno- 
logical revolution— much more can be expected to 
come out of it. 



Trends— A Forecast 

The preceding section covers the current situa- 
tion w’lth emphasis upon the decade 1955-64, a 
crucial period for the development of educational 
technology. The changes occurring during this 
period were so striking (and some of them, such 
as the language laboratory, so unpredictable) that 
forecasting in this field appears extremely rislcy. 
Further, it cannot be overemphasized that devel- 
opments ii.volving any appreciable degree of nov- 
elty are still very slow to affect educational prac- 
tice. In effect, events occur at two levels: An 
analogy might be to consider the interest in re- 
search and development now occurring in educa- 
tional technology as the upper level of ocean cur- 
rents w'hich can be seen and measured, and actual 
practice in the majority of educational institutions 
and systems as the deep, slow' swelling, cold cur- 
rents that move in their own time and are difficult 
to detect. 

Nevertheless, there are probabilities and trends 
in the situation, and prediction is possible, al- 
though its accuracy cannot be stated even with the 
precision of probability statements now used in 
weather forecasting. Wliat follows in t>.iis section 
is such a prediction ; it is the sole responsibility of 
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tho principal autlior. For reasons which should 
become clear, this forecast is divided into two 
parts — a short-range forecast and a long-range 
forecast. 

The Ncx 1 5 to 10 Years 

An analysis of the situation suggests that the 
next 5 to 10 ^’earL will bo a period of consolidation 
and spread into educational practice of tho tech- 
nological developments of the last decade. The 
educational system has, in elTect, been threatened 
with novelty; in tho coming decade tho novelty 
will 1)0 absorbed to tho point ■where it will be no 
longer rovcl. There will be some now develop- 
ments; these, however, will tend to be in tho politi- 
cal-social-economic sphere and not, as many of the 
current thinkers in educational technology sup- 
pose, in materials, hardware, and psychological 
breakthroughs. Breakthroughs and novel devel- 
opments are always possible these days, but the 
current trends continuo to suggest that their time 
is, perhaps, a decade or more away. 

Based on tho generalization that consolidation 
of gains •will characterize the next decade, tho fol- • 
lowing forecast is made from current trends : 

1. Innovation — Change. It has become tho 
official policy of the TJ.S. Office of Education to 
encourage educational innovation; further, the 
concept of innovation is “in” with tho entire edu- 
cational community at State, regional, and local 
levels. Three forecasts can bo made in this area: 

a. Tho principal site of education innovation 
will change from the lower levels of tho school 
system to higher education. Colleges and univer- 
sities will be forced to innovate, principally due to 
the flood of student.^ but with other factors acting 
as an influence as well. Universities, while sources 
of innovation for the whole culture, have been 
lo;. h to make drastic changes in their own proce- 
dures, particularly their teaching procedures. 
Tho innovations wdiich will be forced on the higher 
educational system during tho next decade will, 
therefore, ca use a great deal of strain. 

^ b. With respect to tho system as a whole — par- 
ticularly the public school system — educational 
innovation will become institutionalized, centering 
upon tho U.S, Office of Education and secondarily, 
the several State departments of education. Exi.st- 
ing Ingislation and plans and the influence of a 
now educational establishment w'ill all combine to 
push this no'w visible trend into actuality. 

The principal instruments for this institutional- 
ization are likely to be tho regional laboratories 
now being set up by tho TJ.S. Office of Education 
togodier wuth regional educational centers to bo 
set up under title III of tho Elementary and Sec- 
ondary Education Act of 1965. The regional cen- 
ters do not have to have this function, but at this 



writing, it looks as though part B of this section of 
tho law, w’hich docs provide for exemplary (i.o., 
demonstration centers designed to spread innova- 
tive ideas) projects, will receive precedence over 
regional educational services. However, even if 
these instruments are not used for one reason or 
another, others will bo found, and the innovative 
process will bo institutionalized. 

c. With tho in.stitu^ionalization of educational 
innovation, two things will happen. First, the in- 
novations themselves as they are picked up by 
units of tho system (schools, school districts, col- 
leges) will become siniplified and vulgarized, 
sometimes beyond recognition, and will lose a great 
deal of their power. This is principally due to the 
fact that tho system as a whole is not sophisticated 
enough to absorb many of tho new processes and 
rocedures with all of their subtleties and quali- 
cations. Secondly and more important, as the 
process of innovation is institutionalized, innova- 
tion will gradually become little more than change. 
This is based on tho assumption that the “inven- 
tion of the method of invention” as applied to 
educational innovation — and that is the avowed 
purpose of this institutionalization — ^will not 
necessarily -work with the same force that it has 
with industrial technology. It is likely that the 
true innovators will begin to drop out of such an 
institutionalized system, and tho remaining bu- 
reaucracy will net be capable of far-reaching 
innovation."*^ 

2. The Development of the New Educational 
Establishment. American education has always 
seemed to have more common procedures, goals, 
and even buildings and •"•‘aching materials than 
are warranted by existei autonomous and 

presumably different Stat .'stems. There 

are many reasons for this, ag those often 

cited is the existence of an eu....itional establish- 
ment. In the past, it has been stated that this 
establishment has consisted of the national edu- 
cational professional associations, the teachers 
colleges and schools of education in universities, 
and the State departments of education. After 
1950, this establishment came under heavy fire, and 
beginning about 1955, a new educational establish- 
ment began t j emerge. 

Tlio significance of this new educational estab- 
lishment for this paper is that it has a scientific- 
technological base. Essentially, it consists of four 
or five of the leading higher institutions in the 
United States, several foundations, a component 
of tho new scientist-politicians that have emerged 
in tho last 20 years and soi..e nble individuals both 
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wilhin and without Govcmim'nt. Its relation to 
tho oKlor establislmiont is almost nil. 

Tho next tlooado will see the complete domina- 
tion of educational thinkiu*^ in this coimli’y by this 
new establislnueut as it develops and consorKlates. 
Xotliinj^ in this .‘Statement should bo construed as 
sni;‘ 2 :estini^ that tl'.ero is anything conspiratorial 
about this emergence. It is doubt iiiK lor example, 
whether individuals now belonging to tlio new es- 
tablishment even know it as such. Ihithcr, tho 
emergence of such a group of intellectual leaders 
for education was almost foreordained by tho de- 
velopment of our advanced tech nological society. 
Henceforth, tho new establishmcut will orient 
Anierican education more in tho direction of 
science and technology as associated with its own 
processes and will absorb only that part of the older 
establishment which will fit this overall scientific- 
technological patteni.'*- 

3. The Systemizatioii of the Materials of In- 
struction. Tho already well -developed trend 
toward more systematic organization of instruc- 
tional materials will reach fruition in application 
in schools and colleges within the next few years. 
Sx’stems of teaching tho structure of subject mat- 
ters and certain skills such as reading will be ap- 
plied on an increasing scale. These systems will 
make use of all of the available instructional tech- 
nology^^ and will absolutely control the curricu- 
lum in the areas (such as physics) where tliey are 
applied. To some degree, competing systems will 
bo created, and scliool.s and colleges wnll be asked 
to choose among systems; however, since these sys- 
tems are expensive and tak(5 years to develop, the 
choices will bo limited. Further, there will be 
problems of obsolescence and logistics associated 
with them for which the schools and colleges are ill 
prepared. 

The materials within these systems (films, pro- 
gramed learning sequences, videotapes, books, etc.) 
will increasingly bo tailored directly to learning 
tasks and will represent much more of a rifle, ap- 
]>roach than the historic sliotgiin approach of the 
standard textbook or educational film. As such, 
their overall efl’ect sliould be much more eflicient. 
Further, research now’ going on in several places 
should have begun to supply some answers to the 
general question as to which medium is the most 
elFective for a given purpose. If these answers do 
develop, tho emerging instructional systems will 
also reflect this know’ledge. Increasingly large 
amounts of money will be spent on developing 
these systems. 



In tills connoction It Is fasclnnting to nolo thnt recent news 
stories report that tho new Uiissiari cdncntfonnl projrrnm was 
prepared by a commission composed of member's from the Academy 
of Sciences and from the Academy of Pcdnjrojrical Sciences. 

"It Is believed that forecasts which claim nil Ini«triictlonnl 
systems will be computer controlled in the r.ear future are wronir 
by at least 20 years. 



4, Developments in Hardware. Hardware, 
particularly in sophisticated .systems, such as mili- 
tary weapons systems, can change or develop rap- 
idly. On the other hand, in tlio consumer field, 
such as refrigerators and automobiles, the changes 
tend to bo slower and are often more apparent than 
real. In tlio field of instructional technology, both 
possibilities are present. 

a. Optical-yhotographic versus electronic sys- 
tems. Because of tho long ieadtime that optical- 
photographic (conventional audiovisual) sy.stcms 
(projectors, film, etc.) have had on electronic sys- 
tems (television, videotape, etc.), existing instruc- 
tional hardware is heavily weighted toward the 
optical-photographic for pictorial (and audio) 
storage and tran.sm ission. Furl her, photographic 
information is still superior to electronic by a fac- 
tor of, perhaps, 100 to 1. There are other influ- 
ences as well, such as accessibility. 

The next few years will see a continuing inva- 
sion of this field by electronic transmi.ssion. Im- 
rqvements will bo made in the information capa- 
ilities of electronic systems; the transmission of 
color will become cheaper and easier j accessibility 
w’ill bo improved through cheaper videotape-type 
storage; and videotape recorders and players w’ill 
becoinc smaller, less expensive, and easier to oper- 
ate w’ith reliability. By the end of the decade, a 
new balance will have been achieved between these 
t\yo (partially) competing systems. Neither will 
disappear, but electronic storage and transmission 
or combinations of electronic and optical-photo- 
graphic sj^stems will claim a much greater share 
of existing liardw’aro designed for pictorial stor- 
age and transmission than is the case now. 

b. Television.^ videotape., etc. As indicated 
above, videotape players and recorders will be 
come smaller, cheaper, and more reliable. Whetli* 
«T tho current methods of recording on magnetic 
tape will still be in use might be in question, as 
there are several other ways to use electronic im- 
pulses to rword information on some medium; 
thermoplastic recording is an example. The pre- 
cise means is unimportant from the educational 
point of view. What this does mean is that images 
and sound will be available in inexpensive, easy- 
to-use form. 

In addition, it is to bo expected that television 
will expand in it.s educational aspects during the 
same period of time. This expansion will prin- 
cipally be in the closed-circuit and 2,500 mg. areas 
and not in broadcast television for schools and 
colleges. The expansion will occur first in higher 
education, and it can be fairly confidently pre- 
dicted that interinstitutionai cooperation in the 
use of television, such as has been experimented 
with in Oregon, will be extended as the pressures 
on higher education increase. A professor in one 
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institution tencliin*^ a cl.iss in anotluT, or several 
others, will not be at all uniqno excej)t in small 
enrollment, prestij^o institutions. Even in such, 
cases, lectures from Nobel Prize winners and the 
like will j)robal)ly be delivered by television. 

Alonpf with these developments in television and, 
for a wb.ile at least, oyersb.adowir.fj them, will be 
an enormous increase in the use of telephone lines 
to transmit certain kinds of educational materials. 
The last few years have seen .^ome growth in the 
so-called ‘‘tele-lecture” technique where the lec- 
tureiy at one location can speak to a "roup via 
amplified telephone at some other location. Re- 
cently, as at the Harvard Business School and 
in connection with various medical education pro- 
jects, conference-type seminars between groups 
liavo been held using the telephone system. A new 
invention makes it possible for a teacher to draw 
while lecturing over the telephone and have the 
image projected by a special overhead projector 
at the receiving end; slides and other materials 
distributed in advance have also been successfully 
used with tele-lectures. Since this procedure is 
relatively inexpensive and very useful, it may be 
expected to grow spectacularly during the deca.de. 



c. Other Imrdware developments. While im- 
provements and changes may be expected in all 
audiovisual equipment, it is likely that the major 
advances wili occur in the field of self-instnictional 
devices. There are, at present, several prototypes 
under development of multimedia machines (still 
and motion picture and sound) designed as in- 
dividual instruction devices. While the history 
of this type of teaching machine has not been too 
spectacular up to this point, it seems reasonable 
to predict that the next decade will find several 
types of these in use. This, of course, will set a 
new requirement for programing and production 
of materials. 

The 8 mm. film, particularly with the new for- 
mat (40 percent more information per frame) , will 
constitute the most important development in the 
audiovisual field in the next few years. Following 
Professor Forsdale of Teachers College, it is be- 
lieved that 8 mm. will be used primarily for in- 
dividual instiaiction, although with the 3 W fonnat 
cla.'isroom projectors for groups of up to 50 in 
size may be expected to become quite common. As 
8 mm. comes in, a technological lag problem will 
become apparent with the huge investment the 
educational system has in 16 mm. film and pro- 
jector. One way around this problem will be to 
develop individual instruction devices for use with 
8 mm. film, particularly devices that permit st u- 
dent response. Considerable resistance to this de- 
velopment may be expected. 

^fultimedia-multiscreen techniques for large 
groups will continue to expand during the next 
10 years. Lecture halls and briefing rooms wdll be 



built with sucly hardware requirements in mind. 
Automatic projection equipment will be rede- 
signed in order to operate in gangs for this pur- 
pose, and control equipment will l>e developed on 
a miniaturized, high reliability form. 



d. Qomputers ciild tlie inteTj(ic6 'prooleiri. Since 
a separale paper has been prepared on computer 
applications to education, computers for computer- 
based instruction will not be discussed here. How- 
ever, it may be important to point out or reempha- 
size that there are certain needed hardware 
developments related to computer-based instruc- 
tion which will prob.ably occur during the decade 
under consideration. These developments are re- 
ferred to as the interface between the computer 
and the student and have been the subject of a 
recent study by Glaser, Ramage and Lipson.<* In 
the next 10 years various ingenious interface de- 
vices will be developed so that students may receive 
stinuilation in various forms from a computer 
(pictures, words, numbers, sounds, graphs), may 
nianipulate the subject matter so presented with 
instruments such as light pens, and may be in- 
formed on other portions of the interface device 
as to progress, what to do next, etc. Until such 
interface devices are developed, computer-based 
instruction will never achieve its full potent ial.'‘® 
Essentially, at least a portion of what should go 
into such an interface device is the result of de- 
velopments which, in the computer field, go under 
the general name of information display. Al- 
though the existing literature seems to suggest it, 
there is nothing in the educational picture which 
would require all such display techniques to lx; 
confined to devices requiring student response and 
controlling student behavior in detail. It is rea- 
sonable, in fact, to predict that information dis- 
play techniques which are essentially electronic or 
electronic- optical in character will also be used in 
connection with television, other wave-propogated 
transmission and telephone to convey teaching ma- 
terials from one point to another without elaWate 
response and measuring devices. As yet, with the 
exception of a few experiments, the techniques of 
information display in use with sophisticated sys- 
tems, such as space and space support systems, 
have not been tried with education problems."® 
The next decade wi’I see many developments in 
this area, including simulation. 



’’Glnser. Robert. Willlnm W. Rnmnse. nnd .Toseph I. Llnson, 
The Interface Between Student and Suhjeet Matter. PUtumireh; 
Learning Research nnd Development Center. University of Pitts- 
bnrpli. J964. 

There are, of course. o.:her requirements for the Ideal com- 
puter- teacher. See, for example, the abstract of the Case nnd 
Roc study in the A'idiovisual Communication Review, vol. 13, 
No. 4 (w!ntenfl05).p. 45.3. 

fxnmple of such an experiment Is that undertaken by 
Llcklider. See Llcklider. .T. C, K.. “Preliminary Experiments in 
Computer-Aided Tenchlnfr." In J. B. Conlson (cd.). Profframmed 
Learninff and Computer-bated Initruction, New York: Wiley, 
1902, pp. 217-239. 
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wh n? f and Retrieval An area 

V . >• • spectacularly in the next 10 

^ 3t:u«, as the iaiiijua^-e laboratory and associated 

) teadiing techniques did in tlio 1955-04 decade is 

sudrTn i(^ stoijlge and retrieval. As 

^ncli in itb educational applications, it could ren- 
rcvyuit an exception to thedronorpi r 

1-n'min?^ f information explosion is well 

Known, the faci, tliat much inforiimtion today 

inlucTon remains 

•iU 1 i ‘•“"“‘“’"•s- nrliclcs, etc., has given 

r . » Pi’ofession known as “docu- 

mentahsts ; experts in information storage and 

eutiits” miVn tlicmselves “information sci- 

eutihts ; and there are signs wdtliin the old-UnA 

schism betl"n 

ana <Io« >»form>Uion scientists 

Obviously, new technological information stor- 
ap and retrieval techniques can be (and are now\ 
to a certain extent) applied to the problems of a 

^^o"’cver, e.xcept for largo 

In!!/ tioes not seem likely tliat 

these techniques will make much of an inroiud into 

Whif i-f libraries during the next decade. 
Wlmt IS likely to happen is that sort of an end 
1 UK will occur, and tlie new technology of infor- 
ma ion storage and retrieval will reacR the educa- 
f b ■ strength outside of the main 

Education 

Iiowever, it is the considered opin- 
1011 of the writer that even if that office were not 
a ^ijc-or, this phenomenon would occur. 

Alio u.b. Office of Education, however, will plav 

nhin'fV*^ V” ^ flcvelopment providing present 
plans for its propo.sed Educational Eesearch In- 
fommtmn Center (ERIC) are implemented will, 
sun cient funds and personnel. Operating from a 

^*onA **^A^\i*f^regton, D.C., and from, pei^iaps, ur> 
to 200 satellites or clearinghouses located in limher 
nif,titiitions and research centei’s of various types, ' 
microhclie (small slieets of microfilm) chips con- 
taining research documents will be supplied edu- 
cational iisei-s ordering from a system of indices, 

aostracts also provided by 
laiuu lliis system is now underway on a small 

ov/<vlO« 

Ihe availability of this infoimation wdll create 
a demand for microfilm readers of various types 
and for equipment to reproduce hard copy from 
nncrqfilm. Such readers are all — with some mod- 
ihcation— potential teaching machines; further, 
the «mihty to reproduce hard copy presents the 
possibility of expanding such services to instruc- 
tional materials too current to be available in any 
other form. Such a procedure has been experi- 
mented wuth in San Diego County, Calif., for some 
y w ith great success, where local industries and 
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scicntilic institutions have been supplying schools 
with current scientific materials pVSduce^ in diis 

waj)^. 

.1 f ^ development proceeds as suggested— and 
die probabilities are liigh-a full-fle3ged educa- 
tioiial information storage and retrieval svsfem 

exi.sting channels. Further, 
because tlie hard ware and services are adaptable 

mchinof ^ ^ ^‘'"cration of teaching 

machine.^ will come into being based on the micro- 

®^‘®^’t*c”-cuiting a whole .series of 
obstacles. Ihe pre.sence of hard copy-producing 

3 ‘‘"‘I alptation 

ot newer curriculum materials, both in programed 

and m more conventional forms. Such a develop- 
ment w'ould tend to restore a certain amount of 
curriculuin independence to local school districts, 
providing staff and facilities w^ere made available 
to take advantage of it. This latter development 

likely as the 

fetate departments become stronger, curriculum 
^ yvill be supplied by the State departments 
Sii curricular autonomy 

Jvel gamed, at the school and district 

i TV 1 One of the strongest trends 

in the next decade will be a general move toward 
standardization, a move inevitable in any highly 
tochnical society. With respect to equipment and 
materials, several forces are at work that, poten- 
tially, could force standardization. The first of 
these IS the so-called “State plan” by which many 
of the Federal educational programs dispense 
money to the States. In its most simplified form, 
the State submits a plan for a program, for exam- 
ple, (licensing funds under title III of the Na- 
tional Defense Education Act. Once this plan has 
been approved, the State, in effect, sits in control 
of the disbursement of the funds to its local and 
regional units. All the State hay to do is to require 
standards for equipment in its plan and stand- 
ardization becomes a reality. With the so-called 
Conipactof States” -within the immediate future, 
providing for efficient communication between +he 
States on educational matters, standardization 
could soon became national. 

A second force, whicli has been discussed for 
iHany yeare but has never been released, is possible 
if the major cities of the United State.s -were to 
combine in order to write common specifications 
for equipment and materials. Such cities repre- 
sent a large share of the market and now contrib- 
ute to the chaos in educational equipment stand- 
ards by requiring annoying and, most often, 
useless differences in specifications. This raises the 
price per uniton such items as projectors, compli- 
^tes bidding procedures, and localizes purchases 
Economic considerations may force the end of this 
practice and a move to joint bidding or even cen- 
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tralizcd purchiising. Such a possibility is only a 
possibility iincl it is more likely that the provincial 
practices of the educational bureaucracies of such 
maniiiioth systems as Now York and Los Angeles 
will remain at tho level of their archaic city build- 
ing codes. Of tho two forces, the State force, even 
including centralized purchasing (a procedure op- 
posed vigorously by tho audiovisual industry) , will 
probably prevail, and equipment and, to a certain 
extent, materials standardization will occur during 
tho decade under discussion.^^ 

At a broader level, greater standardization will 
bo forced on tho present quasi-aiitonomous school 
system than now exists through such factors as the 
increasing influence of Federal educational pro- 
grams, oven if no direct control is sought or ap- 
plied; the inevitable cooperation of States and re- 
gions in educational matters; the introduction of 
whole systems of instruction; the possibility of a 
national a.ssessment program; the reduction in the 
number of educational materials suppliers; tho re- 
duction in the total number of school districts in 
the United States; the general increase of com- 
munication; the prevalence of large-scale indus- 
trial thinking as it moves into the public sector; 
and the move toward computer data control. 

7. The National Assessment {Testing) Pro- 
gram. Earlier in this paper it w’as mentioned that 
testing had been developed over tho past several 
decades into a formidable subtechnology within 
tho broader field of educational technology. The 
influence (some call it tyranny) of the New York 
Regents Examinations upon the curricu]’'m of tho 
schools in Now York State has been commented 
upon for many years. Recently, this typo of in- 
fluence has extended throughout tho Nation with 
tho examinations of tho College Entrance Exami- 
nation Board, tho National Merit Scholarship 
Examinations, the Graduate Record Examination, 
etc. Attention hero is devoted to examinations 
that affect the curriculum of the schools and not 
to other forms of testing, such as psychological 
and attitude. 

Tho next decade will see the institution of some 
form of national educational assessment program. 
Tho word “assessment” is used advisedly because 
the sponsors of tho idea (essentially tho new edu- 
cational establishment) are proposing to combine 
standard achievements testing techniques with 
sampling techniques similar to those used in public 
opinion polls to assess “how well the schools are 
doing.” Such a program would not be achieve- 



Materials standards nr^ equally* if not more, -chaotic than 
equipment standards* One of the earliest problems with teach* 
Ing machines* for example, was that there were no standards 
for programs — either mechanical or educational* An abortive 
efton!: of a group of professional organizations to set op standards 
produced nothing* 



ment testing in the accepted sense. ^ A good discus- 
sion of the pros and cons of this is.sue may bo 
found in a recent Phi Delta Kappan.*^ 

Once such as assessment program is underway, 
it will become another powerful force for stand- 
ardization. Tho technical capability (test in- 
struction, sampling techniques, computerized 
statistics) already exists. Current moves under- 
way to make this capability operational by taking 
the necessary political, social, and economic steps 
will no doubt bo successful. The claims already 
being made tliat such a program will not force a 
certain amount of standardization are rejected by 
tho writer. That is not tho issue anyway. Tho 
questions that remain to be answered are what 
kind of standardization and whether or not the 
standardization so created will be good or bad. 

8. Trends in Administration. Many trends in 
the field of school and college administration could 
be singled out for projection. For example, at tho 
brick-and-mortar level, school buildings will con- 
tinue to improve and be made more compatible 
with the existing and developing instructional 
technology. Of all possible predictions in the field 
of administration, four are selected for comment. 

Tho first, discussed at length in Mr. Bushnell’s 
paper, will only be mentioned briefly. Data proc- 
essing equipment and computei’S will become com- 
mon tools for the school administrator in handling 
many routine problems j better decisions will be 
possible because of tho immediate availability of 
better data. Centralized data-gathering centers 
will appear, probably as regiona,! centers within 
tho several States. Later, and inevitably, these 
will bo joined int« some kind of a national network. 

Secondly, tho most important function to be de- 
veloped during the next decade will be a logistics 
of instruction. Everything within the new in- 
structional technology — systems, complex use of 
materials, sophisticated equipment, new patterns 
of organization and buildings — requires formid- 
able logistical support. Tho whole system will 
break down without it. Such support involves 
planning based on precise objectives and data, ma- 
terials flow, equipment maintenance and replace- 
ment, backup manpower to tho teacher, etc. Such 
thinking at present is almost completely foreign to 
school administrators at all levels except in a prim- 
itive form that i)rovides sufficient pencils and 
sweeping compound for the year. Logistical 
thinking has rarely been applied to instruction; 
first, therefore, a theory of instructional logistics 
will have to be created. The pressures of the de- 



«Hnnd. Harold C.. “National Aaseunment Vlewen as the 
Camel’s Nose.” PM Delta Knppan, XLVII, No. 1 (September 
1065). pp. 8-12: Tyler. Ralph W.. "AssesslnR the Progress of 
Education.” PM Delta Kappan, XLVII. No. 1 (September 10G5), 
pp. 13-16 ; and “The Assessment Debate at the White House 
Conference,” PM Delta Kappan, XLVII, No. 1 (September 1065), 
pp. 17-18. 
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tho^lSri^Kv^ Pi-ojoction is somowliat broader than 
ho hrst t^^oLut IS related to tlioin. Essentially, 
It IS that or^^anization patterns will move into 
M -”ts for administrative pur- 

l ^^i^trol will become more and more 

f ^ '' IS somettmes ca.lled a corporate 
btructiiro. In other words, the educational bu- 
^ "7^^ enlaivre, with an effort to make the 
paiti> (teachei*s, subadininistrators, etc.) inter- 
Iho precise pattern of the enlarp^inof units may 
take several forms durin<^ tlio decade ahead. The 
main point is that there will bo an increase in size 
whicli, of course will in turn increase the distance 
bet ween the top levels and tlie point of contact with 
students. All btate systems of education will tend 
to beconio real systems instead of the semisystems 
no\y existinir. ^ \^q reo^ional laboratories, the Com- 
pact of btates, and other such developments men- 
tioned above, when combined with State plans, 
school district consolidation, and urban growth are 
all forces operating in t his situation. It is hard to 
see anything but a diminution of local control of 
schools m the next 10 years. This diminution will 
teiul to accelerate toward the end of the decade. 

iMiially, It IS probable that one or more now 
private school systems, national in scope, will bo 
s ai ed during this same period. These systems 
will be developed by the new industries movin^r 
into the educational field and will feature hifrhlv 
standardized, relatively fully automated, lugh- 
quality ediication designed essentially for upper 
and upper middle-class clientele. Such a system or 
systeins will be accompanied by, but probably not 
related to, similar systems of private vocational 
trammg^ centers. Tins movement, too, will bo 
gaining impetus by the end of the decade. 

^he school administrator required by these and 
many will quite clearly be a skilled professional 
man.ager, not the Latin scholar or part-time chem- 
ist-administrator, as desirable as such character- 
istics seem to many people; and he w'ill not be so 
much the community-oriented, faithful service 
club member so higlily valued in some school ad- 
ministration circles today. Subject matter schol- 
ars, throii£^h the technique of curriculum develop- 
ment projects, liave learned to short-circuit school 
boards and administrators in matters of curriculum 
content. Increasingly, as methodology becomes 
more precise within educational teclinolo<nr the 
same effect will be achieved by psychologbts’ and 
educational engineers; thus, the issue of the ideal 
subject matter expert or liberal arts generalist 
qua school administrator will become completely 
dead, remaining to be mourned in the columns of 
literary magazines. The concept of the success- 
ful community-oriented administrator will also 
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die, although a little more slowlj', and the mourn- 
ing will bo heard at the annual steak fry. 

^ Develop7n€7itj DisscTnin/ztion 

and Adoption Syndrome and the Resistance to 
Innovation. As the process of research, develop- 
ment, mssemination, and adoption begins to op- 
erate with force (see part II), the traditional 
resistance of the educational system to change will 
crumble at an increa.sing rate during the next 10 
yoai-s. Some enUiiisiasts for educational technol- 
ogy of any variety have consistently underesti- 
mated the power of the resistance of the system 
in the past; in the lutiiro, however the timespan 
between idea and practice will increasingly be 
shortened. The current timespan between the de- 
velopment of a new process and its adoption by a 
pbstantial majority of units of the system has 
been estimated at about 35 years. During the 
next 10 years this timespan will bo reduced to about 
one-quarter of that length, or from » to 10 years. 

10. General Developments in Educatimal Psy~ 
diology and Methodology. Barring unexpected 
breaktliroughs in understanding the physics and 
chemistry of the central nervous system which are, 
ot course, possible, the situation in educational 
psychology as described above will not change 
much during the decade. Cognitive structure, in- 
quiry, structure of knowledge, creativity, and stu- 
dent response manipulation will still be key con- 
pure and applied research and for 
the development and testing of instrumentation 
and materials. Increasingly, a dialogue may be 
expected to develop between the cognitive struc- 
tiire-inquiry school and the operant conditionin<y 
school; a hard core of each will hold firm, but 
borders will become increasingly friendly. Ex- 
periments attempting to turn one system iiito an- 
other, as, for example, that recently reported by 
Schra^ and Ilolland,^ will increase. 

In the meantime, newer viewpoints, particularlv 
those associated with cybernetic principles and in- 
formation theoiw, wdll begin to gain momentum. 

Smith may be a 
be Iwether. Research patterns using these de- 
ve oping theories will begin to inti igue younger 
psychologists. The decade will end with some 
newer points of view having enough adherents to 
threaten what will then bo <‘old hat” psycholo<ry 
Because the psychological situation will remmn 
unsettled, the educational engineers will build 
bridges of learning on an empirical basis. The 
decade will see a great commitment to the empir- 
ical approach in the production of instructional 

tion Con^JslJWa^s’sC Fi?^ 

Margaret Poltz Smith OuhemeUe 
K&a«aid H?lt, 
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ina(ori;ils ami hardware. IVIaterials and processes 
will he teslod increasingly on suitable po]nilations 
and will ho revised mitil they work. The engi- 
neers, of course, will use whatever can be used 
from the studies of the pure psychologists ; further, 
iiioro research will be based on realistic student 
lK)pulations rather than small laboratory situa- 
tions from ^yhich it is diilicult to generalize. 

The combination of the empirical approach and 
increa.sod pure and applied research throughout 
the whole field of education and educational psy- 
chology represents one force that will turn a cur- 
rent form of thinking completely around so that 
it will point in the opposite direction. 

The second force in operation relates to the 
national commitment to education as the uplifting 
force in our national life. For example, develop- 
ing learning programs for such things as Opera- 
tion Headstart and the Job Corps training centers 
are very difTicult technical problems; they require, 
for their solution, large doses of educational tech- 
nology considered broadly — methods, processes, 
machines, organization, skilled specialist man- 
jiower. Pious claims to the contrary, a knowdedge 
of subject matter alone will be of little or no help 
in dealing with a IC-year-old illiterate from the 
Kentucky hills. 

These two forces will combine into a press "re 
that wdll result in the rediscovery of educational 
methodology. From about 1950 to 1960 it was 
extremely fashionable to decry educational meth- 
odology as useless, as a fake medicine sold by 
cliarlatans, as sometliing certainly not needed in 
the process of instruction. Those that grudgingly 
conceded that methodology did exist equated it 
with “tricks of the trade” — something that could 
be picked up overnight on an apprentice basis. 

An illustrative example relates to the problems 
which led to the creation of Operation Headstart, 
a I'lUge national operation designed to provide 
mi.ssing backgi'ound for young, deprived children 
so that they might be ready to learn in school. It 
is now ironically forgotten that many critical 
books and articles appearing from 1950 to 1960 
claimed that there was no such thing as “readiness” 
for learning and that professional educators, in 
maintaining that there was, were perpetrating a 
fraud on the American public. These books were 
read by the upper level economic group a .;d the 
articles appeared in the “best” magazines. This 



general downgrading of methodological concepts, 
which resulted in its own mythology, is being at- 
tacked by events and will result in a complete de- 
struction of this posture. Further, since control of 
subject matter is now secure through the tech- 
nology of instructional systems, the entire dialogue 
between method and subject matter will be wiped 
out. 

11. The Buildup of the New Educational I ndm- 
try. As was indicated earlier in this memorandum, 
one trend of the last decade was the emergence of 
the science-based industries into the educational 
scene. The result of this in the next decade \yill be 
a pattern of power struggle, mergers, acquisitions, 
and new combinations, such as joint ventures be- 
tween such industries, universities, and nonprofit 
corporations of tlie “think-tank” variety. 

It is hard to see how the old-line publishing firms 
and audiovisual producers and suppliers can retain 
their current organization, appearance, and way 
of doing business. The next 10 years will see 
enormous changes in the educational business, 
which will generally be in the direction of larger, 
more diversified enterprises that will absorb many 
of the smaller companies and will force others out 
of business. The time of the lone salesman work- 
ing out of his house for the small company and 
calling on a friendly territory will run out in this 
decade. 

The existence of this larger educational industry 
will gradually force a change in bidding and pur- 
chasing procedures, and, hence, will influence the 
formation of the logistics of instruction. Such an 
industry will also permit more communication be- 
tween the training segment (military, industrial, 
etc.) and the pure educational segment (schools, 
colleges, etc.) because materials ana equipment will 
be supplied to both. If the pattern continues in 
tire direction it seems to be going at the present 
time, these industrial giamts will, through con- 
tracts, also be operating educational enterprises. 
The current operation of some of the Job Corps 
training centers by industrial groups and nonprofit 
corporations will be followed by the development 
of a general contracting capability under which 
such companies will provide instructional mate- 
rials and services, build buildings, process data, 
catalog books and even hire or provide teachers 
and administrators for schools and colleges. Some 
of them may well develop their own school systems. 
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Part II, A Proposal for a National Research and Development Program 
in Educational Technoloirv for Ampri#>nn 

by 

Gabriel D. Ofiesh, Colonel, U.S. Air Force‘s 



_ luliicjxtion always lias rei^uircd a long loadtimo 
in order to institute cliangos required by the so- 
ciety and the tiincsj unfortunately, much longer 
than other essential elenienl.s of our society. And 
the leadtimo of these other elements is not fixed to 
depend on the customary scientific and technologi- 
cal leadtimo of the industrial sector; if it were, 
wo would get to the moon possibly early and more 
])robably late in the 21st century. Due to the na- 
tional feeling of urgency and unlimited Govern- 
ment support, however, wo will in all likelihood 
land a man of the moon within the decade. 

The longer loadtime which historically has been 
required to bring about- changes in the education 
and training process should also be intolerable and 
unacceptable to the Nation if wo are to meet our 
national commitment. Even a crash program to 
increase the physical educational plant, set up 
new schools and curriculums, and obtain tliousancfs 
of new teachers and substantially increase their 
salaries will not do the job the times have put upon 

US* 

^ No loss than a revolution in education and train- 
ing IS necessary. Witnessing a technological, 
knowledge, scientific, and population explosion wo 
need— urgently — ^to witness a correlative educa- 
tional explosion. 

There is great concern, however, as to whether 
the lag between technological developments in our 
society- and educational technology has not already 
lul len behind the point, of possible recovery. This 
IS not to^ imply that there have not been changes 
and significant developments. Audiovisual facili- 
ties have increased in number and scope. Multi- 
media approaches have been made in isolated and 
localized instances to attack specific educational 
problems. There has been a startling increase in 
the design and development of language labora- 
torie.s. Pjxjdoratory efforts liavo been made in the 
use of 8 mm. sound film. Here and there, in iso- 
lated instances, individualized devices and study 
courses have been designed for individual and self- 
instruction. There have been vast social devel- 
opments which have had an extensive impact. 



•Part II was prepared Independently of port T nad the onlnlons 
expressed herein are the sole responsibility of the author.” 



Education has been extended to millions who 
would otherwise not have benefited from it. Ka- 
diOj television, and other mass media of communi- 
cation and propaganda have had their undeniable 
effects, piere have been significant advancements 
in the design of school buildings. 

Despite these and many other developments, the 
fact still remains that there has been no revolu- 
tionary breakthrough in the processes of education 
and training. There have been no radical ad- 
vances in instructional theory, methods, or in the 
development of procedures by which people can 
li^arn more rapidly and more effectively. Not one 
of the developments in technology— even closed- 
circuit and educational television— has had a sin- 
gular, pervasive impact on the education and train- 
ing spectrum itself. Newton Minnow has pointed 
out that the three major commercial television 
■broadcasting ' t works spend more on their pro- 
grams in 1 week than all the educational television 
stations in the Nation spend in 1 year. 

Tlio great American technological potential 
which has been realized in such efforts as computer 
technology, microelectronic.^, automatic data proo- 
fing, information processing and retrieval, and 
innovations in communication technology and 
other scientific developments, has hardly been 
tapped to any significant degree for broad-impact 
contributions to education and training. 

It is difficult to find any area in our society 
which has not had an exponential acceleration in 
its development — except for education and educa- 
tional process. In the field of transportation, for 
example, tliere have been more developments 
within our lifetime than in all previous history. 
Witness the airplane, tlie automobile, the diesel 
engine. The last one alone “as a means of propul- 
sion ... has substantially altered the effective- 
ne^ and efficiency of all surface transportation.” » 

Our educational technology has fallen far be- 
hind tlie rush of technological innovations in all 
other fields of individual and national endeavor. 
The result has been a great — and growing — social 
and economic loss. Can instruction truly become 



* Clarence D. Martin. “Plan for Progreis,' 
Forum, (October-Dccember 1962), p. 7. 
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a science? It can and must. Can a science of 
learning bo applied to the art of peda^o^^? It can 
and must. Technolof^y is the apj)licatioii of science 
to art. Can the stiulics of the bcliavioral scientist 
concorninix the fundamental processes of learning 
bo applieu to the practice of education and instruc- 
tion; They can and they must. If instruction 
must remain an art and never become a technology, 
what is our allcniati ve? Will our desperate need 
for an instructional technology ultimately bo suf- 
ticient in and of itself to force tho issue? 

The educational technology needed will lead to 
the development of those axioms which will sup- 
port a science of education. Educational technol- 
ogy could well bring to education what Bessemer 
br^.ught to the process of manufacturing steel and 
wj..vC Ford brought to the development of tho 
automobile. 

Until education and its correlative pedagogy de- 
velops a scientifically based technology, it will not 
become a profession or a science. Unless it takes 
on the qualities of a scientific enterprise and ceases 
to bo an art the effort to produce a quantum jump 
forward in educational process is not likely to oc- 
cur. A bret'ikthrough will only bo possible in areas 
where research and development efforts can be 
rigorously and widely applied. 

A properly exploited educational technology 
would not only encourage further educational re- 
search, design, and development in automated 
self-instructional learning systems but also would 
intensively apply the process by wdiich the new 
educational materials that are developed can bo 
engineered and implemented for their maximum 
utilization. A thriving, robust educational tech- 
nology must inevitably lead to the development of 
new, effective, efficient learning systems. The in- 
tegrated learning systems, as such, will be made up 
of all materials and elements wliich are designed 
to perform a specific educational task with a high 
degree of reliability and validity for a specifically 
identified and de.scribed group of individuals. A 
successful educational technology will, in effect, 
bring to millions of students each year the bene- 
fits of tho teaching skills possessed by only a few 
master teachers. 

Jerrold E. Zacharais, chairman of the Panel on 
Education Research and Development of the Presi- 
dent’s Science Advisory Committee, has described 
the ultimate objective of educational technology 
as follows : 

Great Teachers, a collection of reminiscences edited 
by Houston Peterson , . . niceiy demonstrates the 
good fortune of the student who has as his private 
mentor, or who shares in a ciassroom with other 
students, a teacher of exceptional talent Now, con- 
sider the fortunes of ail students, not just a few 
lucky ones. The task of educational research and de- 
velopment is to learn how to provide for all students 



the education an exceptional teacher provides for a 
few.* 

The Zacharias panel was, among other things, 
concerned with the preservice and inscrvicc educa- 
tion of teachers. Within this area of concern, pri- 
mary attention was paid to “the development of 
more effective instructional materials.” It is dif- 
ficult to determine from reading the report, how- 
ever, wliat finally emerged as ‘‘guidance ’ from the 
numerous meetings that were ncid nor how edu- 
cational research ^ and development could be 
brought to the point of providing a technology 
which would mass produce the ^ills of a few 
master teachers. 

A goal of the Commission could, therefore, be 
to catalyze a national research and development 
program to, in the words of Zacharias, “. . . pro- 
vide for all students the education an exceptional 
teacher provides for a few.” 

Top educational management must be mobilized 
to provide leadership for innovation to help solve 
the educational and training problems of our so- 
ciety With top management support and under- 
standing and with a climate for innovation which 
only senior educational management can create, 
the resources may be marshalled to do the job. 
Such senior educational leadership, however, has 
to be convinced. Models and demonstrations are 
needed, cost effectiveness studies are required — and 
a national institute or agency appears to be neces- 
sary to provide the data, the rationale, and the 
supervision. 

Before the functions of such an agency may be 
defined, it is necessary to develop a rationale or 
base from which orderly development may pro- 
ceed. In general, two comparable bar^" can be 
used; one is drawn from the world of education, 
the other from the Department of Defense. 

On the educational side, Heniy Brickell, the 
leading student of educational innovation has ob- 
served four phases to the process. A brief descrip- 
tion follows : 



In the first phase, basic research, the question which 
lo asked is, “How do people learn?” Findings are use- 
less in the sense that they rarely if ever have any 
immediate application. More work has to be done. 

The second phase is program design. The question 
program design attempts to answer is, “How should 
people be taught?” ^is effort translates what we 
know about learning into instructional programs. 
Brickell points out that “the best designs may be ex- 
pected to come from the conscious, deliberate use of 




* * Aur i/ircLiur ui me iiaiioziai oci€Dce I' oun(intion» 

and the Special AesUtant to the President for Science and Tech- 
a^ogy, March 1964, (WuhingtoQ: U.S. Oovernment PrinUns 
Office, 1964) p. Til. 
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basic ro.soareh in planning for teaching.”* Brlclcell 
tloea not expect tlie program design to emerge from 
tlio soliool situation because “the typical operating 
school does not provide a setting rich enough in talent 
or free enough in professional time to generate new 
instructional programs.”* I would tend to disagree 
slightly here. I'rogram design could well be en- 
couraged in the operating school situation where it 
could simultanconsly be subject to empirical evalua- 
tion. Then if the phenomena are successfully elicited, 
this would providi* the fodder for further basic re- 
search, Program design could be encouraged both in 
the laboratory as well as the operating school. 

Rrickoirs third phase i.s evaluation through held 
testing. This phase tried to answer the (piestion, 
“Does the instructional program te.aeh?'’ The pro- 
gram de.sign is systematically tested “to find out what 
it will accomplish under what comlitions.” A broad 
field test is necessary because “little is known about 
conditions which aff»*ct learning in the school.” Rrick- 
eli feels, and I would agree, that “only a field test will 
reveal the whole range of situations in which an 
iimov.atiou will prove valuable.” This is a crucially 
important phase in successful research and develop- 
luon t. 



Phase four is the “dissemination” of the program 
after it has been successfully evaluated through the 
extensive field test. lirickell maiutains that the “ideal 
circumstances for the demonstration of a new ap- 
proach are those which are ordinary, unenriched, and 
normal.'’ If they were otherwise — “such as the en- 
riched conditions for new design or the controlled 
conditions necessary for proper evaluation [this would 
in the eyes of many observers] be suflicient to xob the 
observed program of persuasive effect.” ® 

These four phases delineate tlie areas nece.ssary 
for tlie catalytic actions of the studies which could 
be initiated and sponsored by a research and devel- 
opment education and training action agency with 
nationwide scope. Between phase one (basic re- 
search) and phase two (program design), by using 
the systems analysis and design approach follow- 
ing an E. & D. cycle of exploratory, advanced, and 
engineering development, the agency would pro- 
duce physical models which are likely to be 
adopted or initiated by the complete spectrum of 
public and private education. 

Turning now to the military sector, the Depart- 
ment of l)efcnso in its xveapons systems manage- 
ment has successfully applied an R. & D. cycle 
concept which it is suggested could bo a model 
not only for the development of automated learn- 
ing systems and educational technology in our 
soviet y but for E. & D. in education generally. 

The .statement of the Secretary of Defense 
describing the R. & D. progi’am to Congress can 
be modified to illustrate how this program cp be 
applied to the needed education and training 



• ncnr.v M. Brldioll, Organising Veto York State for Educational 
Change, 1901 , Coinralssloner of Education, State Education 7)ept., 
Albnny. N.Y. . . . 

« Henry M. Brlrkell, “State Organization for Educational 
Needs.” cJi. XX. In Wealey Mlerhenry (ed.) Media and EducaU'onal 
Innovation, Prellmlnnnf Ueport, Unlvernlty of Nebrafika In co- 
onomtlon with the U.S. Department of Health, Education, and 
Welfare, Office of Education, Sept 80, 1064, p. 100. 

•/61d.,pp. 200-201. 



research and development problem stated by 
Zacharias.® 

The propo.scd R. & D. program may be divided into 
five sigiiilicaut steps [which should be followed if we 
are to effectively translate the results of education 
and training research into a viable educational tech- 
nology, which will in turn leau to tlie production of 
validated learning sy.stein.s] . 

1. Basic research — the effoit c '.ectcd toward the 
expansion of knowledge of natural phenomena and 
our environment, and tlie solution of problems in the 
l>hy.sical, biological, medical [behavioral, and social] 
and engineering sciences [to include the learning 
process]. 

2. Exploratory developments — the effort directed 
toward tiie expansion of technological knowledge and 
the development of materials, coiriponeiits, devices, 
and sub.systems which [it is hoped] will have gome 
useful application [in the design and development of 
learning system.s]. Here the emphasis is on explor- 
ing the feasibility of various approaches to the solu- 
tion of specific [education and training] problems, up 
to the point of demonstrating feasibility with “bread- 
board” devices and prototype components and sub- 
sy.stems. 

3. Advanced developments — the effort directed to- 
ward the development of experimental hardware for 
technical or operational testing of its suitability for 
[education and training], prior to the determination 
of whether the item should be designed or engineered 
for actual service use. Here is where we begin to 
identify each project with a specifle [education and 
training] application or technique, and we begin to 
question in depth its potential [learning] utility. 
During this phase we also begin to explore the costs 
of the most likely applications in order to determine 
whether the potential operational benefit would be 
worth the cost of development, production, and 
deployment. 

4. Engineering developments — the effort directed 
toward the development of a particular [learning] 
system engineered for [institutional] use and for op- 
erational employment, but which has not as yet been 
approved for production and deployment. It is at this 
IK)int that large commitments of resources must be 
made to single projects. Accordingly, before full- 
sc«ale development is initiated, the specific operational 
requirements and the cost effectivene.ss of the system 
must be confirmed, and goals, milestones, and time 
schedules must be established. 

6. Oi>erational systems development — the effort di- 
rected toward the continued development, test, evalua- 
tion, and design improvement of projects which have 
already entered [or have been approved for] the 
production-deployment stage. 

The first three steps, (1) research, (2) explora- 
tory developments, and (31 advanced develop- 
ments, constitute the area oi new technology for- 
mation. The last two — enginoeriiig developments 
and operational systems developments — cover the 
area of development, test, and evaluation of spe- 
cific new (learning) systems and equipment. Dis- 
semination is a continuous process which accom- 
panies all the steps of the R. & D. cycle. It is par- 
ticularly from the second and third steps, however. 



• statement of Secretary of Defense Robert S. McNamara before 
the House Armed SerTicet Committee on fiscal year 1066-67 
defense program and 1866 defenM budget, Feb. 18, 1065. 
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tliat wo u 'uiiv- tiio “loolinical buildlnp; I)l(>oks,” i.e., 
llio nt* .V loi, hni(iiu'.s and critical components (hat wo 
need fur (lio development of major (loarnin*;) sys- 
tems. We cannot do a proper job of engineering 
ilevolop..ient, still le.ss of operational sy.slems de- 
velopment, unless tlie.se building blocks are avail- 
able. Thus, the kind of (education) sy.stcm wo 
will have a decade from now will depend impor- 
tantly upon how well wo conduct the research, ex- 
])loratory, and advanced development p'lurics of 
tlio K. & 1). process over the next few years. 

licsearch and exploratory developincnts projects 
need to be judged on their own merits, in relation 
to the, advancement of knowdedge of the Icamin" 
process across the entire spectrum of science and 
technology of pertinence to the education effort. 
Secretary McNamara pointed out that — 

All too often in the past, new technology efforts had 
to he justified In terms of an end product development. 
This approach resulted in the Initiation of large num- 
bers of system developments for which tlie basic tech- 
nology had yet to be created. And because of the 
large number of projects, tiie available funds were not 
adequate to pursue all of them at efficient and orderly 
rates. As a result, many ended in failure or were 
overtaken by new technologies and eventu lly had to 
be terminated before completion. 

The model of the military R. & B. effort should 
be applied to the problems of innovating educa- 
tional technology and automated education with 
certain modifications. 

In applying the R. & D. cycle effort to the de- 
velopment of weapons systems, it should be recog- 
nized that basic (step 1) and exploratory (step 2) 
research, are more constrained in the^ military^ es- 
tablishment tlian they are likely to be in education. 
In education, however, theoretical formulations 
are more likely to evolve by emphasizing explora- 
tory (step 2) and advanced (step 3) research 
through feedback. Therefore, getting to step 3 
in education would be as important as getting to 
step 2 in defense. 

It also should be stressed that concurrent re- 
search and development efforts should be carried 
further in education than they have been in 
defense-oriented efforts because there is a smaller 
theoretical base in education and the operation as a 
whole is relatively bss costly. 

Present efforts in research and development in 
education and training could be similarly de- 
scribed. Due to a lack of an accurate accounting 
system, however, it w^ould be diflicult with any as- 
surance to state, as the Secretary said with respect 
to the military R. & D. efforts of the past, that 

The record Is replete with examples of such aborted 
efforts. Indeed, some 60 major R. & D. projects have 
been terminated during the last 10 or 12 years after 
costs of well over $6 billion had been Incurred. The 
number and value of smaller cancelled developments 
have never been counted. 



While rc.searcli and exploratory developments 
do not neces.sarily liavo to bo directly related to 
specific (education) requirements, a fiull-scale en- 
gineering development or operational systems de- 
velopment can be Justified only in terms of its 
potential contribution to a naiional educjitional 
requirement and .strategy, considering both its cost 
and its efrcctivene.ss, as well as the relative cosi/ 
effectiveness of other alternatives. Care .sliould 
bo exercised so that, as in the case of many past 
systems development, work is not .started before 
consideration has been given to how the proposed 
learning .system would be u.sed, wh.at it would cost, 
and, finally, whetlicr its contribution to our (hu- 
man) capability would be worth its cost. 

Need for National Educational R. & D. Agency 

The Nation needs, in essence, an organization 
patterned after the present Defense Research and 
Engineering office w’hich would institute manage- 
ment controls similar to those presently in the 
Department of Defense. These controls have been 
necessary to secure the knowledge to spend wiH(fy 
the present $6 billion plus ..::nual R. & D. mili- 
tary budget. The problem is not necessarily that 
entirely too much money is being spent in the field 
of educational R. & D. for innovating educational 
technology and automated education ; but, rather, 
what is being spent is proliferated in a fragmented 
manner. Needed is a management control s3'stcm 
which will establi.sh quality control and govern 
the expenditure of even present allocations for 
educational research. We need the ability to pro- 
duce the pertinent and relevant learning systems 
vdiicli will be engineered and automated to meet 
the existing educational problems at the op- 
portune moment. Tlie present educational re- 
search funds are being expended in an extremely 
costly manner because of fragmentation and lack 
of coordination. 

Wlien the problem of making the very expen- 
sive process of military research and development 
pay off in national security was recognized in the 
Department of Defense, an approach was begun 
which led to the initial appointment of Dr. Her- 
bert F. York as the first Director of Defense Re- 
search and Engineering. This put in sharp focus 
the importance of the scientist in military plan- 
ning. We have equally to indicate the importance 
of the educational scientist and empirically ori- 
ented learning theorist and media specialist in the 
field of educational R. & D. The model suggested 
here for nationwide establishment is an otlice pat- 
terned after the present Department of Defense 
Research and Engineering Office (DOD R. E.). 

In the years to come, this office could refine its 
organization to be more responsive to rapidly 
changing technological advances which have im- 
plications for the development of education and 
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gested that selected educational and oehavioral 
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way IS througn publicity. It certainly would not 
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